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THE RELATION BETWEEN PROLONGED P-R INTERVAL AND 
AURICULAR FIBRILLATION IN PATIENTS WITH 
RHEUMATIC HEART DISEASE 

M. D. Altschule, M.D.* 

Boston, Mass. 

PROLONGATION of the P-R interval in rheumatic fever has been 
1 shown by Bruenn 1 to be due, in most instances, to vagal activity, 
which depresses A-V conduction. Since it has been known for many 
years that vagal stimulation also predisposes to the development of 
auricular fibrillation, 2 ’ 3> 4 - 5 it was of interest to learn whether or not the 
incidence of that arrhythmia was unusually high in patients with 
rheumatic heart disease in whom evidence of increased vagal activity, as 
manifested by prolongation of the P-R interval, had been detected.' ’ 


V ATiUiN 


There were available for study the records of fifty-five patients with 
prolonged P-R intervals in whom a diagnosis of rheumatic heart disease 
rnd been established and in whom repeated electrocardiograms had been 
made. Twenty-one of these developed auricular fibrillation. For pur- 
poses of comparison the records of all patients with rheumatic heart 
isease and auricular fibrillation were also studied. These numbered 
151, including the twenty-one who had a prolonged P-R interval. 

In ten of the fifty-five patients with prolongation of the P-R interval 
to more than 0.21 seconds, the impaired A-V conduction occurred for a 
penod of one to four days during a single attack of rheumatic .fever 
and was never again detected during the period of subsequent study' 

which varied from one month to three years. None of these patients’ 
developed auricular fibrillation. patients 

° f °^r forty-five patients of this group, a prolonged P-R interval 
pat^s, o, 47 per cent ft e 
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P-R interval, showed auricular fibrillation at one time or another. The 
remaining twenty-four, studied over periods ranging from one month 
to five years, at no time exhibited electrocardiographic evidence of 
auricular fibrillation, although, in two instances, paroxysms of arrhyth- 
mia, diagnosed clinically as auricular fibrillation, occurred from time 
to time; these two patients were not included in the fibrillation group, 
since electrocardiographic evidence of the arrhythmia was lacking. 

Of the twenty-one patients who showed both auricular fibrillation 
and normal rhythm with prolonged P-R interval during their course, 
the fibrillation was paroxysmal, i.e., it lasted for a few hours to a few 
days, in five, and was chronic in sixteen. Of the sixteen cases of 
chronic auricular fibrillation, reversion to normal rhythm was effected 
in four cases, and a prolonged P-R interval then became evident. Fibril- 
lation later recurred in these patients. In the remaining twelve cases of 
persistent auricular fibrillation, the onset of chronic auricular fibrillation 
was preceded by periods, ranging from one month to eight years, during 
which a prolonged P-R interval was found constantly, or almost so. 
Six of these patients were studied quile extensivety ; in all cases in this 
latter group, fibrillation occurred for periods of several weeks or months 
at a time, alternating with periods of normal rhythm, reversion taking 
place spontaneously. No relation was found in these cases between the 
onset and disappearance of auricular fibrillation or prolongation of the 
P-R interval, on the one hand, and symptoms of rheumatic infection, 
changes in degree of congestive failure, or medication, on the other. All 
six patients, when last seen, exhibited auricular fibrillation; there is no 
indication whether or not this arrhythmia is now permanently estab- 
lished. The following two patients (Table I), chosen because they were 
most carefully studied, illustrate the spontaneous variations in rhythm. 

A definite increase in the percentage incidence of fibrillation was 
found in patients who showed prolongation of the P-R interval when the 
length of the period of observation following first appearance of the 
partial A-Y block was increased. 

An interesting phenomenon was observed in four of the patients with 
prolonged A-Y conduction preceding the development of chronic auric- 
ular fibrillation; in these cases the onset of auricular fibrillation was 
associated with a high degree of auriculoventricular block, as manifested 
by idioventricular rhythm with a ventricular rate of approximately 50 
beats per minute. Subsequently, the ventricular beating became quite ir- 
regular in all, although the rate remained slow. 

Study of the 151 patients with rheumatic heart disease and auricular 
fibrillation revealed the fact that in 124 instances fibrillation was estab- 
lished when the patient was first seen, and remained so. Of twenty-seven 
patients in whom fibrillation developed under observation, twenty-one 
had previously shown prolongation of the P-R interval for periods rang- 
ing from one month to eight years. 
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The six patients in whom the onset of auricular fibrillation was not 
preceded by prolongation of the P-R interval are as follows : 

1. Two cases in each of which a single electrocardiogram, showing 
normal rhythm, was obtained, respectively three and seven and one-half 
years before the onset of auricular fibrillation. These cases must be con- 
sidered as inadequately studied. 

Table I 


CASES 
Case 1 


Case 2 


DATE 


electrocardiogram (seconds) 


12/ C/32 
12/30/32 
4/12/33 
4/ 3/34 
10/11/34 
1/15/35 
4/ 8/35 
C/19/35 
10/ 9/35 
1/ 3/30 
1/ 4/30 
1/ 8/30 
1/17/30 
0/29/30 
10/ 7/30 
6/ 1/37 
0/ 2/37 
0/ 8/37 
6/21/37 
6/30/37 
7/13/37 
7/14/37 


Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .18 
Normal Rhythm, P-R, .20 
Normal Rhythm, P-R, .22 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .30 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .22 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .26 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .26 
Auricular Fibrillation 
Auricular Fibrillation 
Auricular Fibrillation 
Normal Rhythm, P-R, .26 
Normal Rhythm, P-R, .28 
Auricular Fibrillation 
Auricular Fibrillation 


4/12/33 
4/24/33 
5/ 4/33 
5/17/33 
5/24/33 
7/14/33 
8/14/33 
8/17/33 
8/19/33 
9/25/33 
12/19/33 
1/19/34 
4/24/34 
10/10/34 
2/10/35 
4/ 6/35 
11/ 9/35 
4/28/30 
9/23/36 
11/14/30 
4/24/37 
12/ 4/37 


Normal Rhythm, P-R, .22 
Normal Rhythm, P-R, .20 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .26 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .24 
Auricular Fibrillation 
Auricular Fibrillation 
Auricular Fibrillation 
Normal Rhythm, P-R, ,28-.42 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .26 
Normal Rhythm, P-R, .22 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .24 
Normal Rhythm, P-R, .26 
Normal Rhythm, P-R, .26 
Normal Rhythm, P-R, .24 
Auricular Fibrillation 
Auricular Fibrillation 
Auricular Fibrillation 
Auricular Fibrillation 


2. One case in which a very short P-R. interval due to A-V nodal 
rhythm was found before the onset of fibrillation. Folio win «■ the spon 
taneous disappearance of fibrillation, normal rhythm was associated with 
a prolonged P-R interval which persisted during the entire period of 
subsequent observation, lasting a month. 
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3. One case in which auricular fibrillation appeared three days after 
pulmonary infarction. 

4. Two patients in whom a normal P-R interval was found constantly 
witliin a year preceding the onset of fibrillation. One of these was under 
the influence of quinidine at the time. In the other the fibrillation was 
paroxysmal and was apparently precipitated by the ingestion of alcohol. 

DISCUSSION 

In evaluating the significance of the frequent occurrence of auricular 
fibrillation in patients with rheumatic heart disease and evidence of in- 
creased vagal activity in the form of prolongation of the P-R interval, 
it is necessary to compare the incidence of fibrillation in the group 
studied here with that in groups of unseleeted cases of rheumatic heart 
disease. Grant. 0 in his follow-up studies of 1,000 patients, over a ten- 
year period, found that auricular fibrillation developed in S per cent. 
Calculation from the data of DeGraff and Lingg, 7 obtained in a ten-year 
study of patients with rheumatic heart disease, reveals its appearance in 
9 per. cent of patients who did not have it when first, observed. The in- 
cidence of its appearance in the group of patients with prolongation 
of the P-R interval, who are the subject of this report, was four times as 
great. The difference between the incidence in the group with prolonga- 
tion of the P-R interval here reported, and that of the unselected groups, 
is probably even greater, as some of the patients in the unseleeted groups 
who developed auricular fibrillation must have had a prolonged P-R 
interval. It must be concluded from the data here presented that 
patients with rheumatic heart disease who exhibit persistent prolongation 
of the P-R interval are prone to develop auricular fibrillation. Other 
authors, whose reports describe the development of auricular fibrillation 
either spontaneously or following the administration of digitalis in 
patients with partial A-Y block, include Mackenzie, 5 Reid, 9 Schwartz, 50 
Cookson.” Orgain. Wolff, and White, 52 and Tung. 13 

About half the patients with prolongation of the P-R interval in the 
present' series did not develop auricular fibrillation during the periods 
of observation, which, in some instances, were as long as five or six 
years. Therefore, increased vagal activity, as manifested by delayed 
A-Y conduction, is not an invariable precursor of auricular fibrillation. 
This is in accord with known physiologic facts, for it has been 
shown 5 - 34> 15 that stimulation of the vagus nerve alone does not result in 
auricular fibrillation. Mines, 10 in his original work on circus movement 
in the heart, defined the two conditions necessary for the development 
of auricular fibrillation, i.e., prolonged conduction time and shortened 
refractory period of the auricular musculature. Lewis and his co- 
workers 17 - 1S - 19 and Andrus and Carter 1 have shown that stimulating the 
vagus shortens the refractory period of auricular muscle; it does not. 
however, slow the rate of conduction of impulses in the auricular myo- 
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eardium. Yagal action is an important factor, but by itself cannot 
therefore be expected to cause auricular fibrillation. 

Nahum and Hoff 3 have advanced a hypothesis which attributes the 
development of auricular fibrillation in man to the simultaneous action 
of two factors, i.e., vagal activity and an E factor which acts in a manner 
as yet unknown. If certain other factors are already present, stimula- 
tion of the vagus nerve , 3 - 4 or the use of drugs which act through the 
vagus, such as acetyl-B-methylcholinc 5 or digitalis, 8 - D - 10 - 13 - a0 ' ST may 
cause auricular fibrillation. Nahum and Hoff suggested that in rheu- 
matic heart disease the E factor may be the stretching of the auricular 
wall or the pathologic changes in the auricular myocardium itself . 38 - 351 
The relatively high incidence of auricular fibrillation in patients with 
prolonged P-R intervals who have been followed for a long time is to be 
ascribed to the fact that longer periods of observation increase the 
chances for the two factors responsible for the development of auricular 
fibrillation to occur simultaneously. 

It might be argued that the increase in incidence of auricular fibrilla- 
tion with longer periods of observation is not related directly to' the 
presence of a prolonged P-R interval but may be due to the fact that 
both fibrillation and slowed A-Y conduction time are independent ex- 
pressions of the severer degrees of heart disease. Against this concept 
is the fact that auricular fibrillation in such patients may come and go, 
while the degree of damage to the heart remains constant. 

Another indication of the significance of vagal activity in patients 
with a long P-R interval in whom auricular fibrillation develops is the 
finding, in four such patients in the present study, of idioventricular 
rhythm at the onset of the fibrillation, implying a high degree of A-V 
block. Of particular interest is the appearance of auricular fibrillation 
in one patient, here reported, following pulmonary infarction. Pul- 
monary embolism lias been shown to cause stimulation of the vagus 
nerve . 30 Of interest, likewise, is the sequence of events in one patient 
in whom paroxysmal fibrillation was preceded by nodal rhythm and 
followed by prolongation of the P-R interval; nodal rhythm has been 
produced by vagal stimulation . 31 

The source of the vagal impulses which give rise to the changes in P-R. 
interval and probably also to auricular fibrillation in rheumatic heart 
disease is not known. Bruenn 1 suggested that these, impulses arise in the 
medulla; there are available at present no data concerning this possi- 
bility. It has, however, been shown that vagal impulses which affect the 
heart reflexly may arise from the root of the aorta , 32 the auricles or 
great veins , 33 and the lungs . 34 - 33 That these structures are involved 
in rheumatic inflammatory processes is well known. Congestive failure 
by raising the auricular or venous pressure and 'by causing pulmonary 
congestion, may also be a factor. ■' 
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SUMMARY AND CONCLUSIONS 

1. Fifty-five patients with prolonged P-R intervals associated with 
rheumatic heart disease were studied. Ten exhibited prolongation of 
the P-R interval for periods of a few days during the course of acute 
rheumatic fever. In forty-five cases prolongation of the P-R interval 
was persistent over a period ranging from one month to eight years. Ap- 
proximately half the patients with persistent prolongation of the P-R 
interval due to rheumatic heart disease developed auricular fibrillation. 
More than three quarters of all patients with rheumatic heart disease 
who developed auricular fibrillation under observation previously showed 
a persistent prolongation of the P-R interval. 

2. It has been shown by others that prolongation of the P-R interval 
in rheumatic heart disease is due to vagal activity; it appears that vagal 
activity is also a factor in the causation of auricular fibrillation in 
rheumatic cardiac patients. 

3. Half of the rheumatic cardiac patients with persistent prolongation 
of the P-R interval do not develop auricular fibrillation. Therefore, vagal 
activity, by itself, is not an invariable precursor of auricular fibrillation. 
These facts are in accord with the hypothesis that Ihe onset of auricular 
fibrillation is precipitated by the simultaneous action of two factors, i.e.. 
vagal activity and the E factor of Nahum and Hoff.” 

4. Rheumatic cardiac patients with a persistently prolonged P-R 
interval are much more likely to develop auricular fibrillation than those 
whose P-R interval is noi-mal. 
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ROENTGENKYMOGRAPIIIC STUDIES OF MYOCARDIAL 

INFARCTION* 

Richard Gubxer, M.D., and J. Hamilton Crawford, M.D.f 

Brooklyn, N. Y. 

S INCE the classical description by Herrick, in 1912, 1 coronary throm- 
bosis has become a well-recognized clinical entity. Frequently, how- 
ever, the history is atypical and physical findings are minimal, while on 
occasion the cardinal symptom of pain may be entirely absent. In such 
cases additional diagnostic methods are necessary. 

The electrocardiogram has proved to lie an invaluable aid in the diag- 
nosis of coronary thrombosis and is frequently the only means available 
for its recognition. The first description of electrocardiographic changes 
due to interference with coronary blood supply was given by Smith, - 
who ligated branches of the coronary arteries in dogs. Following these 
observations and those of Herrick" and of Pardee 4 on coronary throm- 
bosis in man, the investigations of Parkinson and Bedford 5 and of 
Barnes and Whitten 0 established the value of the electrocardiogram in 
the diagnosis of coronary thrombosis, and indicated further that the site 
of the infarct could be localized by the electrocardiographic pattern. 
This work was soon corroborated by Bell and Pardee 7 and by Levine, 8 
and was confirmed experimentally by Barnes and Mann, 0 Crawford, 
Roberts, Abramson, and Cardwell, 10 and by Haney, Borman, and Meek. 11 

More recently, the electrocardiographic diagnosis and localization of 
myocardial infarction have been made still more precise by the employ- 
ment of the precordial lead, as suggested by Wolferth and Wood, 12 and 
it is now well recognized that in many cases infarcts are demonstrable 
electrocai'diograpliically only in the precordial lead. 

In addition to the problem of diagnosis in acute coronary thrombosis, 
the appraisal of the extent of myocardial damage in patients who present 
a history suggestive of a previous coronary thrombosis, or of angina 
pectoris, is important. Physical findings are very often meager, and 
while the electrocardiogram may indicate myocardial disease, it does not 
sIioav the amount of involvement; in fact, one may obtain a normal 
electrocardiogram when extensive damage is present. In a series of 
eighty-six cases of coronary artery disease studied post mortem by 
Willius and Brown, 13 thirty-four of the patients, or 40 per cent, pre- 
sented no clinical evidence of cardiac disease. Any additional methods 
which throw further light on the diagnosis of myocardial disease are, 
therefore, to be welcomed. 

♦Presented before the American Society for Clinical Investigation. May. 1938. 

tFrom the Department of Medicine, Long Island College of Medicine and the Kings 
County Hospital. 

Received for publication Dec. 3, 1938. 
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GUBNER AXO CRAAVFOKD : KOKXTGEX KYMOGUAlMlll! STUDIKS 

Ordinary roentgenologic examination is of little value m coronari 
arterv disease, except to indicate cardiac enlargement, and occasionally 
to demonstrate an aneurysm of the left ventricle secondary to myocardial 
infarction. The results of fluoroscopic examination, although sometimes 
suggestive, are far from definite. 

Roentgenkymography, in contrast to plain roentgenologic examination, 
is a method for investigating function, rather than structure, by record- 
ing the movements of the heart throughout the cardiac cycle. In the 
hope that this technique might contribute more to the recognition of 
myocardial damage than the usual roentgenologic examination, forty- 
five patients with coronary thrombosis were studied with the kymograph. 
An attempt was made to localize and determine the extent of the infarct 
by changes in the contractility of the different parts of the heart as re- 
vealed in the movement phenomena. 


METHOD AN1> INTKKl’U KTATIOX 


The technique employed is the same as has been described in detail by 
Stump! 15 and Hirscli. 11 ' Briefly, the roentgenkymogram is obtained by 
interposing between the subject and the film a cassette containing a lead 
grid with multiple, thin, horizontal slits about 0.4 nun. wide. The only 
parts of the heart shadow recorded on t he film, therefore, are those thin 
segments opposite the slits, all other rays being blocked by the impervious 
lead grid. If the film is moved downward during a continuous exposure, 
the inthrusts and outthrusts of the points of the cardiac contour exposed 
will be recorded on the moving film in the form of a wave, the waves 
being repeated with each cardiac cycle. The slits are spaced 12 mm. 
apart, and the film is moved just short of the distance between two slits 
to prevent overlapping of the waves. The movement of points of the 
cardiac shadow at 12 mm. intervals is thereby obtained. With an ex- 


posure of one second, one to two complete cardiac cycles arc generally 
recorded, depending on the heart rate. When the heart rate is slow, an 
exposure of one and one-half to two seconds is preferable. Since the 
film moves down during the exposure, the time ordinate is upward. 
Fig. 1 illustrates the kymogram of a normal subject. 

it h this method, therefore, one can visualize the movement, of points 
all along the left ventricular contour at 12 mm. intervals. Exposures 
taken in the postcroanterior and in the slight and full left oblique posi- 
tions (about 25° and 60 to 70°, Figs. 2/1, 11, C) enable one to obtain 
a record of the contraction of the anterolateral wall, of a large part of 

the posterior wall of the left ventricle, and of the right, ventricle in addi- 
tion. 


The waves of each chamber arc characteristic, and are readily sus- 
ceptible of physiologic interpretation.” The aortic and pulmonary 
arterial waves are identical with carotid sphygmograms The rmht 
auricular waves are multiple, and correspond to the a, c, and v waves°oC 
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the jugular pulse. The ventricular waves resemble ventricular volume 
curves. Johnson 18 has found a close correspondence between the ampli- 
tude of the ventricular wave and the stroke volume, as determined by 
the dye method. However, the ventricular wave is not a true volume 



Fig. 2. — Anatomic 1 elationships of the various chambers in the different views in 
which kymograms were taken, illustrating particularly the area of the left ventricle 
visualized. .4, Posteroanterior ; B, slight left oblique ; C, full left oblique. 


record for the following reasons: (1) The kymogram is taken at a dis- 
tance of 3 feet, and there is therefore some magnification. (2) Due to 
the oblique position of the heart border on the left side, its movements, 
recorded through a horizontal slit, are distorted. This may, however, 
be easily corrected for and the true amplitude obtained (Pig. 3). (3) 



GUBXEIl AND CHAWEOKD : KOENTGENKYAIOUKArJIIC STl DIES 


11 


In addition to the predominant, contractile movement oi' the ventricle., 
there arc other movements as well, i.e., elevation of the apex and posi- 


tional changes of the heart as a whole. 

The movement of the apex is particularly variable, and is reduced in 
cardiac decompensation because of the impaired contraction oi the ven- 
tricle as a whole, with a consequent diminution or loss of the normal 
upward apical thrust. Furthermore, as Kirch 1 '' has emphasized, the 
apex is the most labile portion of the ventricle, and atrophy and thin- 
ning of the apex with loss of contractility occur in cardiac enlargement 
with heart failure of whatever cause. Ksscr'-'" has clearly shown that 
reverse pulsations may occur at the apex when the heart is greatly 
dilated. For this reason great, caution must be observed in interpreting 
diminution or absence of pulsalions in this region as indicative of in- 
farction. The great majority of the hearts included in this series, how- 
ever, were not markedly enlarged, so that this criticism does not invali- 
date the findings. The only condition we have encountered in a heart 
of about normal size, other than coronary thrombosis, in which there 
was no visible contraction of the left ventricle, was constrictive peri- 
carditis (diagnosis confirmed at operation). 



heart is not perpendicular tV the^sflt 1 wt’aH t °poin?s 1 in-order l Sln< H th , e contour of the 

StrfzTS'fe, 11 ” >">'»=*• or mS t 


Eocognkmg the limitations of the ventricular tvavc as „„ index „f 
volume changes the amplitude of (ho waves, nevertheless, reflects with 

^rSrf, C °rf°" ° f °c the ventricle) 

and the faikue oi localized areas to contract becomes significant. When 
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there is definite reversal of the waves in a certain region, as was the case 
in a large percentage of the present series, the interpretation that this 
is the site of infarction seems valid. Similarly, when there is a sudden 
change from active to practically absent pulsation, one appears justified 
in assuming that the contractility of this region is actually markedly 
impaired; indeed, at times one observes active contraction both above 
and below the area of absent pulsation. In an extensive experience 
with kymography in various types of heart disease other than coronary 
thrombosis, we have observed a reversal of pulsation only once, in a 
case of rheumatic mitral disease. The heart was only moderately en- 
larged, and the reason for the reverse pulsation in the apical region is 
not clear. The most likely causes would seem to he alteration of the 
movement of the heart as a whole, or impaired contractility due to ex- 
tensive damage in this region. 

Most of the records were taken during convalescence, as soon as the 
patient was able to get out of bed. It has thus far not been possible 
to check the findings by post-mortem examination, since none of the pa- 
tients has yet come to autopsy. However, the kymographic findings 
were compared with the electrocardiographic localization, precordial 
leads being taken, in addition to the standard leads, in all cases. Levine, 
Lowman, and Wissing 14 have recently reported a series of 140 cases 
which were studied fluoroscopically. In some of the cases posteroan- 
terior kymograms were made, but no oblique views were taken. The 
radiologic diagnosis of coronary disease was confirmed electrocardio- 
graphically iu 75 per cent of the cases. No statement was made con- 
cerning localization of the infarcts. In twelve cases in which autopsy 
was performed the electrocardiographic diagnosis was confirmed in 
eleven and the roentgenologic in ten, 

RESULTS 

Table I summarizes the roenlgenkymograpliic and electrocardiographic 
findings in forty-five cases of coronary thrombosis. 

In the first two cases listed in the table there could be no doubt 
about the nature of the anatomic lesion. A diagnosis of ventricular 
aneurysm was made clinically and confirmed by ordinary roentgenologic 
and kymographic examinations in both of these cases. 

Fig. 4, A to C, shows the roentgenogram, the roentgenkymogram, a 
graphic correlation of the waves on a time axis, and the electrocardio- 
gram, in Case 1. This patient had had four attacks of coronary throm- 
bosis, and had a distinct thrust over a wide area of the precordium. 
The diagnosis of ventricular aneurysm was confirmed roentgenologically 
(Fig. 4 A). The kymogram (Fig. 40) shows a complete reversal of 
contraction over the aneurysmal area, i.e., while the rest of the ventricle 
contracts this segment distends as a passive sac, collapsing at the end 
of systole when the fall of intraventricular pressure relieves the tension 
on the aneurysmal area. This reverse movement is clearly shown in the 
graphic correlation of the waves in Fig. 4 B. 
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normality in the posteroanterior view (Fig. 6 C). The kymogram thus 
indicates an infarct of the midsection of the posterolateral wall of the 
left ventricle. 

Group 2 . — In the 6 cases of Group 2 the kymogram showed involve- 
ment of both anterior and posterior walls. The electrocardiographic 
a. b. 



c. D. 

Fig. 5. — Anterior wall infarction. A, Electrocardiogram showing Qi Ti pattern and 
correlation of kymographic waves on a time axis ; B, posteroanterior Kyniogram 
showing reversal of waves at apex; C, slight left — norm"'' waves; I), full left 

oblique — normal waves. 
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localization was posterior wall in 4 eases and anterior wall m 2 cases. 
Extensive areas of infarction were revealed by the kymogram. ' |S- 
7, B and G, illustrates an area of infarction in the nndsection anteriorly 
and posteriorly. The posteroanterior view shows reverse movement of 
four segments (Fig. IB). In the slight left oblique view there is also 
reverse movement at the same level (Fig. 7C). The electrocardio- 
graphic changes in this case indicated involvement of the posterior wal 
(Fig. 7 A). 

A. 



B. C. 

Posterior wall infarction. A, Electrocardiogram showing Q:: Tj pattern and 
correlation of kymographic waves on a time axis; B, posteroanterior kvmogram, im- 
paired contractions at midseetion ; C, slight left oblique, reversal of waves in mid- 
section. 


Grortp 3 .— Five eases in which the kymographic and electrocardio- 
graphic findings did not agree comprise this group. The electrocardio- 
gram. indicated posterior wall infarction in 4 cases and anterior wall 
infarction in 1 case. The kymograms showed an infarct of the anterior 
wall in one case in which the electrocardiogram suggested posterior wall 
infarction, and nothing abnormal in the other 4 eases. Possibly the 
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site of infarction was not registered in the kvmogram because the area 
involved was too small or not included in the part recorded. There is 
a small area close to the septum, in the region of the diaphragm, which 
cannot be seen in the views included in this study. It is apparent that 
there is better correspondence with anterior than with posterior wall 
infarcts. This is probably due to the easier visualization of the anterior 
wall in the kymogram. 

A. 



B. O. 

Fig 7 — Antenoi and postcnoi wail infaiction A, Blectroeardiogi am showing 
changes m all leads, suggests e more of posteuo) wall imolvement, and con elation of 
kymographic wa\es on a time axis; B, postei oantenor, ie\ersal of wnies in mid- 
section, C, slight left oblique, ie\eisal of waies in midsection. 


Group 4 . — This comprised 3 cases in which no localization was pos- 
sible electroeardiograpbically because of bundle branch block, except 
that one could say that the septum was involved. The kymogram showed 
an area of infarction of the anterior ventricular wall in two cases, and 
of both anterior and posterior walls in one ease. 
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Table I (Continued) 


CASE 

AGE 

NUMBER 

ANI) SEVERITY 
OF ATTACKS 

ELECTROCARDIO- 

GRAPHIC 

LOCALIZATION 

KYMOGRAP1IIC LOCALIZATION 

20. 

E. S. 

70 

? 

Anterior wall 

Anterior wall, lower % (re- 
verse movement) 

21. 

M. M. 

•12 

1st attack, em- 
bolization to 
right leg 

Probable posterior 
wall 

Posterior wall, upper % 
Anterior wall, upper t/ t (re- 
verse movement) 

OO 

P. B. 

■ 

1st attack 

Posterior wall 

Posterior wall, midsection 
(reverse movement) 

oy 

iS. G. 

isa i 

1st attack 

Posterior wall 

Posterior wall, midsection 
(reverse movement) 

2-1. 

A. A. 

55 j 

1st attack 

Posterior wall 

Posterior wall, upper % (re- 
verse movement) 

25. 

|A.Z. 

•Mi 

1st attack 

Anterior wall 

Lateral wall, lower half (ab- 
sent movement) 

20. 

N. S. 

on 

1st attack 

Posterior wall 

Posterior wall, midsection 
(partial reverse move- 
ment ) 

1 

.1. S. 

70 

1st attack, an- 
gina 13 yr. 

Posterior wall 

Anterior wall, lower half 
Posterior wall, lowest seg- 
ments (absent movement 
in postcroanterior, reverse 
movement in oblique) 

28. 

11. s. 

50 

■Ill 

Anterior wall 

Anterior wall, lower half 
Posterior wall, lower third 
(reverse movement) 

29. 

c. s. 

49 

1st attack 

Posterior wall 

Anterior wall, apical region 
Posterior wall, lower % 
(Reverse movement in pos- 
tcroantcrior, absent move- 
ment in % oblique, partial 
reverse movement in full 
oblique) 

30. 

m. a. 

■ 

1st attack 

Posterior wall 

Anterior wall, midsection 
Posterior wall, midsection 
(reverse movement) 

31. 

w. w. 

01 

1st attack 

| Anterior wall 
Intraventricular 
conduction dis- 
turbance 

Anterior wall, midsection 
Posterior wall, midsection 
(diminished movement) 

32. 


43 

1st attack 3 
years ago. In- 
termittent 
decompensa- 
tion since 

Right bundle 
branch block 

Anterior wall, lower half 
(reverse movement) 
Posterior wall — not clear 

33. 

A. S. 

00 

1st attack 

Possible septal in- 
farct 

Periods of nodal 
rhythm and of 
left bundle 
branch block 

Anterior wall, apex (greatly 
diminished to absent 
movement) 

34. 

L. S. 

04 

■■ 

Left bundle branch 
block 

Anterior wall — segment 
above apex 

Posterior wall — lower half 
(reverse movement) 

35. 

J. S. 

52 

1st attack 

Posterior wall 

Anterior wall — apical region 
(absent movement) 
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could not be made clinically or from the electrocardiogram. In all of 
these the kymogram revealed an area of infarction; in 3, the anterior 
wall was involved, and in 3 both anterior and posterior walls. Fig. 
S, B and C, shows the kymograms in this type of case. There is a definite 
reversal of movement of the lower half of the anterior wall of the left 
ventricle, with normal contraction over the entire ventricle in the oblique 
view. The patient was a man 73 years of age with a long-standing his- 
tory of angina pectoris and impaired cardiac reserve. He gave no his- 
tory of an attack suggesting coronary artery thrombosis. There was no 

A. 



B. C. 

Fig 8 — Anteuoi wall infaiction in patient, age 73 a ears, Tilth normal electro- 
cardiogram A, Noimal electiocaidiogiam and con elation of kymogiaphic naves on 
a time axis, B, posteioantenoi, reveisal of i\aves at apex, G, left oblique, normal 
waves. 

cardiac enlargement. The electrocardiogram (Fig. S/i) gave no hint 
of myocardial infarction. Levine and Levine 21 studied a group of 44 
patients with angina pectoris who were subsequently autopsied, and 
found that “myocardial infarction is not uncommon in angina pectoris 
when there is no clinical evidence of a previous coronary thrombosis.” 
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Not infrequently, some months after an acute attack of coronary 
thrombosis the electrocardiogram may return practically to normal. 
Under these circumstances an area of myocardial infarction may still 
be detected in the kymogram. The first of the two electrocardiograms 


A. 


B. 



pattern an/Pn tX'm'^'Ua^late^the Heetra Ae* sI,owed <3= T. electrocarclloeraphic 
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in Pig. 9 A, taken during the acute attack of coronary thrombosis, was 
of the Q s T 3 type indicative of posterior wall infarction. The second 
electrocardiogram, taken one year later, shows little abnormality except 
for the deep Q wave in Lead III. The kymograms (Fig. 9, B to Z>), 
taken at the time of the second electrocardiogram, show normal move- 
ment of the left ventricle in the posteroantcrior and in the full left 
oblique positions (Fig. 9, B and D). In the slight left oblique view, 
however, there is a distinct reversal of pulsation of some segments, in- 
dicating infarction of the lateral wall of the left ventricle (Fig. 9C). 

DISCUSSION 

An experimental basis for the kymographic study of myocardial in- 
farction is afforded by the work of Tennant and Wiggcrs. 22 These 
investigators studied, by means of the myoeardiograph, the effect of 
occluding branches of the coronary arteries in the dog on the contrac- 
tility of the area supplied. They found that almost immediately after 
occluding a particular vessel the region involved ceased to contract, 
and reversal of movements took place. "While the rest of the ventricle 
contracted normally during systole, the ischemic area was distended by 
the raised intraventricular systolic pressure. 

As seen in the cases illustrated, varying types of movement are found 
in areas of infarction. Most frequently, reversal, partial reversal, or 
absence of movement is observed. Occasionally, multiple, small, bizarre 
waves are present. It is difficult to explain why in one case the pulsa- 
tions are absent and in another reverse pulsations occur. Both types 
may even occur in different segments in the same patient. A possible 
explanation lies in the varying degree of endocardial lamination of the 
infarct with mural thrombi; such lamination occurs in over one-half 
of all cases of coronary thrombosis, according to the observations of 
Applebaum and Nicolson. 23 In those cases in which the pulsations are 
absent there may be dense mural thrombi, whereas reverse pulsations 
are more likely to occur when, because there is no mural thrombus, the 
thinned area of infarction can distend with the systolic rise of intra- 
ventricular pressure. Indirect evidence for this was afforded in a case 
of aortic aneurysm in which there was no aortic pulsation in the kymo- 
gram. At post-mortem examination a densely laminated clot was found 
in the aneurysmal sac. 

A frequent finding over normal as well as abnormal regions of the 
ventricle in coronary thrombosis is the disappearance of a small serra- 
tion superimposed on the ventricular wave. This normally occurs at 
the onset of systole and is synchronous with the first heart sound. 15 
It probably reflects a positional change of the heart with the sudden 
rise of intraventricular pressure during the isometric phase of ven- 
tricular systole. Its disappearance in coronary thrombosis, as well as 
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ill Ollier kinds of myocardial disease, is possibly due lo a less abrupt rise 
of intraventricular pressure. 

SUMMARY 

Forty -five eases of myocardial infarction were studied with the mul- 
tiple-slit, moving-film kymograph. Exposures were made in the postero- 
anterior and two left oblique positions, thus visualizing the movements 
of the anterior and posterolateral walls of the left ventricle. 

The technique is considered briefly and the physiologic interpretation 
of the ventricular wave as an index of ventricular volume changes is 
discussed. 

The changes observed varied from reversal of movement to absence of 
pulsation in the infarcled area, and correspond to those recorded by 
Tennant and Wiggers with the myocardiograph in experimental myo- 
cardial infarction in dogs. A comparison was made between kymo- 
graphic and electrocardiographic localizations in 45 cases. In 41 of 
the 45 cases there were definite kymographic changes. In 25 the electro- 
cardiographic and kymographic localizations corresponded exactly. In 
6 cases the kymogram indicated involvement of both anterior and pos- 
terior walls, whereas the electrocardiogram suggested infarction of one 
or the other. In 3 cases in which no electrocardiographic evidence of 
damage to the ventricular wall could be obtained because bundle branch 
block was present, the kymogram showed an area of infarction. In 
1 case the electrocardiographic and kymographic localizations disagreed, 
and in 4 cases with definite coronary thrombosis the kymograms were 
entirely normal. In 3 of these 4 cases, the infarction was of the pos- 
terior wall. In general, localization appeared more accurate with an- 
terior wall infarcts than with posterior wall infarcts, probably due to 
better visualization of the anterior wall of the left ventricle. 

Six patients with coronary artery disease without definite clinical or 
electrocardiographic evidence of coronary thrombosis showed kymo- 
graphic changes indicative of an area of infarction. 


CONCLUSION 


Multiple-slit roentgenkymography is a simple and valuable aid in the 
diagnosis of myocardial infarction. With its use one is enabled to 
localize and deteimine the extent of the infarctcd area. Occasionally, 
as in angina pectoris, or after the subsidence of an acute attack of 
coronary thrombosis, it may be the only method which will demon- 
strate that infarction has occurred. 
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THE VALUE AND SIGNIFICANCE OF MULTIPLE CHEST LEADS 

IN MAN 


I. Normal and Hypertrophied Hearts* 


A. Bohxing, M.D., L. N. Katz, M.D., M. Robinow,! M.D., and 
({. Uertz. M.D., Chicago, III. 


C HEST leads may be defined as leads in which one electrode is placed 
on some part of the chest and the other is applied in such a way 
that it is little affected by electrical events occurring in the heart. The 
various chest leads used in clinical electrocardiography 1 ' 8 ' 10 ' 11 have 
been devised to place the chest electrode near the heart. Their diag- 
nostic significance is presumably due to the proximity of the chest 
electrodes to regions of the heart which have little influence on the 
standard limb leads . 1 ’ 2 ’ 12 


Diagnostic criteria derived empirically from such leads have greatly 
enhanced the clinical value of electrocardiography. The use of at 
least one chest lead appears indispensable for the early diagnosis of 
cardiac infarcts , 1 ’ 2 - 13 ' 21 and frequently aids in detecting the presence 
of other forms of myocardial involvement. 3 ’ 1T ’ 18 ’ 22 ' 2!> 

The clinical usefulness of multiple chest leads, however, is nol yet 
well established in spite of several recent series of studies on this sub- 
ject. Controversial opinions as to the nature of chest leads have made 
it difficult to evaluate their significance. 0 ’ "• 10 ' ”• 30 
The present study represents an attempt to obtain more information 
concerning the electrical field surrounding the heart by exploring two 
horizontal cross sections of this field with chest leads, in accordance 
with the field theory developed by us . 12 It was hoped that with such 
information multiple chest leads might gain diagnostic significance be- 
yond their purely empirical associations. 


METHODS 

In a total of about 200 cases of all types, multiple anterior chest leads were 
analyzed, and in some 50 cases both anterior and posterior chest leads were 
studied. This report deals only with anterior chest leads in 25 eases and both 
anterior and posterior chest leads in 2M cases. All 25 subjects examined with 
anterior chest leads alone were normal. Of the subjects examined with anterior 
and posterior chest leads, 5 were normal, 5 had right ventricular preponderance 
(Fig. 5 B), as shown by the presence of an inverted QKS in Lead 1 (in some, 
together with depression of S-T and inversion of T in Lead III), 5 had left 
ventricular preponderance of type I (Fig. 5 C), as shown by inversion of QBS 
in Leads II and III without any notable chnngo in S-T and T in Lead I and 8 
hadjeft ventricular preponderance of type II (Fig. 5 D), as shown by inversion 
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Kie. 2.— Crow section tin ouch chest at level of sternal .•ml of 
cartllau'O. Modified from see. 2fi of Kycleshynier and Schoemaliei . JIN. J.N. '*' u 
LaAi, bMAi, l.l’Ai, 1,S(\. LVi, US,. It A A .. KMAi, HPA., US< .. and U\< 

sent points equivalent to MS-.. ete.. except that tli-y ate at the love! of the fotutli 
intercostal space. Instead of tin* second. 1 is the ripht ventricle, - Is tli»- left authle. 
.1 is the rislit auricle, I Is the left ventricle. Is the descending thoracic aorta. I. I- 
the esophagus, 7 Is the June. S Is the mitral valve, and !i Is the tricuspid valve. 
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-vr i S' , 3 -— Cross section throiiKh chest at level of sternal end of llftli costal eurlllatto, 
.Moailied from sec. 27 of Kysclesliymer and SchocmaUor. 31 } is rlyht ventricle " p 
tnocf U e c i lc ’ ,? eCt Vent !' lc ;, u v ,'t is descending thoracic aorta, f, Is esophagus, (I j' f 
lanes, i Is diapliraem, and S is Inferior vena cava. 

GKNHltAl, PATTKHXK 

While varying in detail, the following charnel eristics of the chest 
leads are common to the 200 subjects studied by us. 
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(a) There is an orderly pattern of transition from one point on the 
chest to the next, as regards the sequence and size of the deflections 
of the QRS complex, the direction of the S-T segment deviation, and 
the size and direction of the T ivave. 

(b) The magnitude of the deflections is greater over the anterior 
chest Mall than over the posterior Avail. 



Fig. -I. — Diagram of frontal silhouette of heart. 



Fig-. 5 — Segments of standard limb-lead electrocardiograms. A, normal subject; 
B, patient with right ventricular preponderance (rheumatic fever with mitral stenosis), 
and C and D, two patients with left ventricular preponderance (hypertension). Dis- 
cussed in text. 
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(c) At the level of the fourth intercostal space there is a tendency 
for records from chest points 180° apart to he mirror images of each 

other. 

(d) In going around the chest the QRS complex tends to change 
from an upright to a diphasic deflection with the first phase direetec 
downward, then to become inverted, then to become diphasic with the 
first phase directed upward, and, finally, to return to its original con- 
tour. 

(e) In going around the chest there is a tendency for the 1 a\ a a e 
to change from an inverted to an upright deflection, and back again. 
In the transition the T wave may become diphasic. 

(f) The S-T segment and T wave usually appeal- as a single con- 
tinuous element. 

Certain relations were also found between the chest leads and the 
limb leads, as follows : 

(1) Lead LMA 4 is usually the inverse of Lead I. Sometimes, how- 
ever, LAA 4 is more nearly the inverse of Lead I. 

(2) Leads RSC„ and RPA 2 are almost identical with Lead II. 

(3) Leads LSC„ and LPA„ are almost identical with Lead TIT. 


FINDINGS IN THE NORMAL HEART 

The chest leads shown in A of Figs. 6 and 7 are typical for normal 
young adults. Their general pattern is remarkably constant. Starting- 
in the fourth intercostal space at the left parasternal line, the QRS is 
diphasic, showing a preliminary downward deflection which increases 
in depth as the chest electrode moves across the left chest to the 
anterior axillary line. At the same time, the second upright deflection 
becomes smaller, then disappears and is replaced by a primary up- 
right phase in the left midaxillary line. On going to the right around 
the posterior chest Avail, the first upright phase increases in height, 
Avhile the downward deflection decreases and finally disappears in the 
right midaxillary line. In the right axilla, a preliminary dip reap- 
pears and increases in size on going to the right anterior chest. 

The S-T segment and the T wave in the left parasternal line are both 
directed doAvnward. Their deviation from the isoelectric line increases 
at first as the chest electrode is moved across the chest to the left, 
but decreases again as the left axilla is approached. In the region 
of the left scapula both S-T and T are directed upAvard. The upward 
deviation waxes as the electrode is moved to the right across the 
posterior chest, to Avane again in the right axilla. The transition from 
upright to inverted deflections occurs in the region of the sternum. 
In the midsternal lead a diphasic T Avave is found, Avith the first phase 
directed doAvnward. s 

detaUsf PaUern iS ‘ n seneral similar to that in man, differing in minor 



RSCo RPA 0 RMA„ RAA„ RM0 o RS, M3 0 LS 0 LMC 0 LAA« LMA, LPA« LSC 



, 1* 'R; G-;~‘’, e 1 £P 1cn '" s of chest load electrocardiogram In patients A, 13, C, and D, referred to In Fig, 5. using cliest points indicated in Fig'. 1, 
with the indifferent” electrode on the left leg. + and - indicate relative positive and negative potential of ciiest electrode with respect to the 
‘Off- The curves are the inverse mirror image of those obtained by following the recommendation of the American Heart Association Com- 
mittees recent report.'. 15 For tlds study, the curves as presented are comparable to Leads II and HI. Discussed in text. 
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A similar pattern exists at the level of the second intercostal space, 
but the QRS is triphasic and W -shaped over the left anterior chest 
wall. 

When the chest leads and Leads II and III are correlated with the 
relation of the various electrode positions to the anatomical structure 
of the heart, the following facts can be established in normals: 

1. Near the base of the heart the QRS, S-T, T and P deflections are 
directed mainly upward. 

2. Near the apex of the heart the QRS, S-T, T and P deflections are 
directed mainly downward. 

3. Over the right ventricle and about equidistant from the apex, 
base, and septum, QRS is diphasic with the first phase directed down- 
ward, S-T is depressed, and T is inverted. 

4. Over the left ventricle and about equidistant from the apex, base, 
and septum, QRS is diphasic with the first phase directed upward, S-T 
is elevated, and T is upright. 

FINDINGS IN RIGHT VENTRICULAR PREPONDERANCE 

The chest leads in preponderant hypertrophy of the right ventricle 
(Figs. 6 B and 7 B) differ considerably from the normal, as follows: 

1. The QRS complex over the area of absolute cardiac dullness is con- 
siderably greater than normal, and the second upright phase is as tall, 
or taller, than the first downward phase. 

2. No entirely inverted QRS, or diphasic QRS with the first phase 
directed upward, is seen anywhere. 

3. The smallest QRS at the level of the fourth intercostal space is in 
the right anterior axillary line. The increase in the magnitude of QRS 
on going over the anterior chest to the left is striking. 

4. Both the upright and inverted T waves show a greater amplitude 
than normal in the area of absolute cardiac dullness. 

5. The T wave is upright over the entire right chest anteriorly, so 
that the transition from upright to inverted T waves is shifted to the 
left. It occurs between the left midclavicular and anterior axillary lines. 

6. The other transition, from inverted to upright T waves, is shifted 
to the right. It occurs posteriorly between the left and right vertebral 
lines ; at this point the T wave is diphasic. 

FINDINGS IN LEFT VENTRICULAR PREPONDERANCE 

Two types of limb lead electrocardiograms can be distinguished in cases 
of preponderant hypertrophy of the left ventricle. In one type, QRS is 
directed downward in Leads II and III, but the T wave remains upright 
in all three leads. In the other, QRS is directed downward either in 
Lead III alone or in both Leads II and III; in Leads I and II the T 
wave becomes inverted and the S-T segment becomes depressed. The 
latter type resembles the common type of bundle branch block, but the 
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duration of QES is less than 0.12 see. The illust rated curves (Figs. 
5 C and D, and 6 and 7 C and D) are typical, but intermediate forms 

are also seen. ^ „ 

In the first type of left ventricular preponderance (Figs. G 0 and < b) 

the following chief differences from the normal arc iound: 

1. The QES complex is larger than normal over most of the chest, 
especially in the left midaxillary and posterior axillary lines. I he QES 
complex is largest in LMA.„ whereas in right ventricular preponderance 


the maximum is at MS.,. 

2, The points at which upright,, inverted, and diphasic QES complexes 
appear at the level of the fourth intercostal space are shifted to the lett 
on the anterior surface of the chest and to 1 he right on the posterior 
surface. At the level of the second intercostal space the QES complex 
is diphasic, with the first phase directed upward at all points. 

3. The direction of the T wave and the S-T segment at the level of the 
fourth intercostal space is generally the same as in the normal, but the 
S-T deviations and T deflections are larger. At the level of the second 
intercostal space the T wave is upright at all points except at UMA 2 . 

The second type of left ventricular preponderance (Figs. 6 D and 
7 D) presents the following chief differences from the normal: 

1. The QES complex is larger than normal over Ihc whole chest 
except the right posterior portion. Especially striking is the increase 
in the region between the left midclavicular line and the left, mid- 
axillary line. This is to the right of the region of maximum QES 
excursion in the first form of left ventricular preponderance, and to the 
left of that in right ventricular preponderance, 

2. The transition from an upright to an inverted QES complex over 
the anterior chest wall is more abrupt than normal, occurring between 
ES 4 and LS 4 . The QES complexes at the level of the second intercostal 
space differ from those in the first type of left ventricular preponder- 
ance in that they arc upright, not diphasic, over the right anterior and 
posterior chest wall. 

3. Unlike in the first form, the T wave and S-T segment in the second 
type of left ventricular preponderance arc the inverted mirror images 
of their normal appearances in all chest leads studied. 


THE DIAGNOSTIC SIGNIFICANCE OF CHEST HEADS IN PRF.PONDF.U ANT 

HYPERTROPHY 

The above characteristics of the various chest leads depict, the chief 
deviations from normal in preponderant hypertrophy of the right and 
left ventricles. Variations which occur from subject to subject can be 
explained b^y diffciences in chest, contour, in position of the heart., in 
the amount of damage to the conduction system and heart muscle, in the 
degree of hypertrophy and dilatation of the chamber chiefly involved 
and in the amount of dilatation and hypertrophy of the other heart cham- 
bers, especially the other ventricle. 
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The changes in the chest leads are probably as characteristic as the 
changes which are utilized to recognize right and left ventricular pre- 
ponderance in the standard limb leads. The diagnostic significance of 
the ratio of the magnitude of QRS over the sternum and that over the 
left axilla has already been reported by other observers, 0 - 10 - n - 23 

MEANING OF CHEST LEADS IN TERMS OF TIIE ELECTRICAL FIELD THEORY 

(a) The Source of ihc Electrical Field . — As outlined previously , 12 
the electrical manifestations of the heartbeat form a three-dimensional 
electrical field. The characteristics of this field depend on (a) the con- 
ductivity and shape of the medium in which the electrical currents flow, 
and (b) the nature of the current source. In a previous communica- 
tion 12 evidence was presented to show that the electrical medium has 
the shape of the torso of the body; the extremities, head, and neck have 
very little influence. This medium is composed of various electrical 
conductors, their arrangement being complicated by the eccentric posi- 
tion of the heart. The different qualities of these electrical conductors 
and consequently their different influence on the electrical field of the 
heart have been demonstrated in the dog whose chest is closed 22 by a 
method similar to that used for the dog whose chest is open . 43 A new 
concept 12 based on these experimental facts lias served as a convenient 
working hypothesis in clinical electrocardiography. 4 * 

More important than the medium is the source of the electrical field. 
When the heart is in situ, it has been established 33 that small batteries 
of closely adjacent positive and negative electrical elements appear with- 
in the heart during the periods of activation and recovery wherever 
regions in different states of activity and recovery are in juxtaposition. 
These batteries lie at the junction between relatively active and inactive 
regions, and between the relatively recovered and unrecovered regions. 
They are the source of the electrical field. 

It is desirable to define the pattern of activation and recovery in the 
heart. The impulse travels down the common bundle and its branches, 
and then along the Purkinje network, which, as recent work has shown, 
extends into the myocardium itself . 34 The batteries can therefore be 
imagined to start at a point approximately at the junction of the upper 
and middle thirds of the septum, halfway between the anterior and 
posterior interventricular grooves, where the Purkinje fibers begin to 
flare out. From this point they spread in a radial fashion in the septum, 
assuming that there is fairly uniform spread through the Purkinje 
network. The dimensions of the septum are such that the battery front 
reaches a point on the anterior and a point on the posterior interven- 
tricular groove ahead of other parts of the surface of the heart. From 
these two points four battery fronts travel over the outer walls of the 
ventricles, still keeping the more or less circular outline, with the center 
of radiation at the point in the septum previously mentioned. Since the 
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left ventricle is normally larger and thicker than the rigid, the battuj 
fronts spreading over its walls dominate those spreading over the right, 

ventricle. 

It must be borne in mind that activation of a single region occupies 
several hundredths of a second, the duration of the sharply ascending 
portion of the monophasie action curve of a single region. Ihis lime 
span required for completing the activation of each point oi. the ven- 
tricles alters the location and dimensions of the batteries during the in- 


vasion of the ventricles. 

Recovery begins soon after invasion and occupies most of the electrical 
systole, as demonstrated by the early decline of the monophasie action 
curve. The relatively long period of recovery establishes a second 
battery group, which occupies the second part of. ventricular activity. 
As the slope of Ihe monophasie curve indicates, the rate of recovery 
is slow at the beginning, increases gradually, and abruptly slows at 
the end. It never attains the speed of Ihe activation process. The 
strength of the second battery group changes with the rate of recovery, 
quickly disappearing when recovery is completed. Completion of 
recovery is not synchronous in all parts of the ventricles, and this 
asynclironism is not determined entirely by the pattern of invasion. 

Thus, two complex batteries appear in succession during ventricular 
activity, one occupying the invasion period and the other the entire 
recovery period. The first is a large battery of varying intensity; the 
second is smaller, attains its maximum slowly, and then fades out 
more abruptly than it developed. These two successive batteries are 
complex as regards voltage, position, shape, and area of their poles, 
and these characteristics change from moment, to momcnl. 

(b) The Determination of the Surface Field in a Horizontal Plane 
at the Level of the Sternal End of the Fourth Intercostal Space. — No 
direct information is available concerning the electrical field within the 
human body. But the field on the surface, of the body can be mapped 
out from moment to moment, and can be defined by Ihe following quali- 
fies: (1) the position of the zero potential lines, (2) the location and 
extent of the positive and negative fields, and (3) the concentration of 
potential lines in various regions of the surface. 

In this report we present data derived from the exploration of. a 
horizontal plane at the sternal level of the fourth intercostal space, 
as described above. The surface distribution of potential in this plane 
was determined at four points in the heart cycle, namely, 0.03, 0.07. 0.24 
and 0.32 second after the beginning of the QRS complex. The first two 
Points occur during the first and last thirds of the QRS complex; the last 
two points are situated on the first and second halves of the T wave. 
Changes of the surface field between these four points can be readily 
surmised. The outline of these four surface fields is somewhat in- 
accurate, since the points selected in the various chest leads arc only 
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approximately homologous, and because the leg electrode is not quite 
“indifferent.” Nevertheless, this approach seems accurate enough to 
show the genesis of the electrocardiogram obtained at various points on 
the chest. The relative potential of the chest electrodes at each of the 
four moments selected is illustrated for the normal heart (Fig. 8 A, B, C, 
and D) and for the different types of preponderant ventricular hyper- 
trophy (Figs. 9, 10, and 11). The numerals on the chart represent 
multiples of 0.1 millivolt. In each of the sixteen diagrams the positions 
of the zero potentials are indicated, and lines are drawn to show the 
spacing on the surface of potential lines differing from each other by 
0.1 millivolt. The points of maximum positive and negative potential 
are marked + and respectively. 

1. TI1E SURFACE FIELD IN THE NORMAL HEART 

The electrical field on the surface of the chest during the first stage 
of activation of the ventricles (Fig. S A) has a greater concentration 
of positive potential lines and a greater maximum positive potential 
than the negative field. The maximum positive potential is in the regions 
of LMC 4 , the maximum negative potential, in the region of RPA 4 and 
RSC 4 . The line of zero potential is between RAA 4 and KMC 4 and be- 
tween LPA 4 and LMA 4 . During the latter part of the period of activa- 
tion (Fig. 8 B), the field rotates about 90° in a counterclockwise direc- 
tion when viewed from above. The maximum positive potential now lies 
in the region of LPA„ and the maximum negative potential in the 
region of MS 4 . The zero potential lines have shifted to LAA 4 , and 
between RPA 4 and Rj\IA 4 . During invasion, the surface field waxes 
at first, rotates in a counterclockwise direction about 90°, and then wanes. 
The surface field during recovery is never as strong as that developed 
during activation and does not rotate much ; the location of the maximum 
positive and negative surface potentials and of the lines of zero potential 
is similar to that during the first stage of activation. 

Despite the complexity of the batteries occurring during electrical 
systole and the heterogeneity of the electrical conductors adjacent to the 
heart, the pattern in this plane can be readily correlated with the 
patterns of activation and recovery outlined above, and with the 
topographic anatomy of the heart. Figs. 1 to 4 show (1) that the heart 
is closer to the front than to other parts of the chest surface, and that 
this frontal surface is formed chiefly by the right ventricle; (2) that the 
right and left ventricles share the diaphragmatic surface about equally ; 
(3) that the ventricular septum is almost entirely to the left of the mid- 
line; and (4) that it runs obliquely downward from right to left, form- 
ing an angle of about 45° with the midline. 

During the first part of activation, the batteries start in the upper 
third of the septum midway between the anterior and posterior inter- 
ventricular grooves, and, as they move anteriorly, downward, and to the 
left, they wax in strength as the extent of the area of junction between 
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active and inactive regions grows. By virtue of. the spread of. activation 
through the septum, the positive pole, in as yet niactivcd tissue, lies, 
in general, more toward the apex of the heart- and the anterior ant 
lower part of the trunk than the negative pole in activated tissue. 
This accounts for the distribution of the surface field. The rotation 
of the field at the time when the potential strength at the surface ot. 
the chest is largest coincides with the spread oi activation train the 
septum to the outer walls of the ventricles. The batteries over the 
right ventricle are directed opposite to those in the left, and hence 
tend to neutralize somewhat the surface field produced by the latter. 
But since the left ventricle normally is greater in area and thickness, 
the batteries over this ventricle dominate those of the right. The 
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„ Fi & s.— Cross-section diagrams A, B, C, sind D represent the distribution of surface 
n n? n n- n of 0 ""! 1 * ubjcct !lt level of sternal end of fourth intercostal space 
0.03, 0.0, , 0.24, and 0.32 sec., respectively, after onset of QHS. Potential values are 
expressed in terms relative to lee: potential, In multiples of 0.1 of a millivolt nis- 
.Discussed In text. 


batteries in the anterior and posterior walls of the left ventricle 
spread laterally toward the posterior axillary line. Therefore, the posi- 
tive pole of the major battery lies, at this time, in general, lateral and 
somewhat posterior to the negative pole. This represents a rotation of 
about 90° in a plane approximately parallel to the horizontal plane 
depicted. It corresponds to the field rotation noted at this time. As 
the activation process is completed, the batteries fade out. 

the orientation of the surface field during the recovery process, with 
maximum positive potential to the left and maximum negative potential 
to the right, suggests that the base and lateral walls of the right ventricle 
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lag behind the apex and left ventricle in their recovery. This is in ac- 
cord with data on the relative duration of the mechanical systole in Ihe 
two ventricles, 35 and again emphasizes how little the pattern of recovery 
normally depends on the pattern of invasion/ 0 

2. TIIE SURFACE FIELD IN RIGHT VENTRICULAR PREPONDERANCE 

The pattern of the surface field differs considerably from t lie normal 
(compare Figs. 8 and fi), as follows: 

Activation . — The field in the first part of activation is oriented similar 
to the normal as regards the location of the lines of zero potential and 
of the maximum negative and positive fields. However, the concentration 
of positive potential lines is much greater on the anterior surface, the 
maximum potential is considerably greater, and the area of maximum 
potential is displaced to the left to At the same time the maximum 

negative potential is somewhat smaller. In the stage of activation, 
when the field rotates the positive field disappears from the horizontal 
plane depicted, and the maximum negative potential comes to lie near the 
point of maximum positive potential. This indicates that the field has 
rotated markedly in a plane located at a large angle from the horizontal, 
and that the positive field must be located somewhere in the lower chest, 
probably posteriorly. In the second stage of invasion, the concentration 
of the potential lines over the front of the chest, as well as of the 
maximum negative potential, remains much greater than normal. 

Recovery . — While the maximum positive potential lies in the normal 
region, the maximum negative potential is displaced in a counterclock- 
wise direction towards j\IS 4 , and comes to lie close 1o the point of maxi- 
mum positive potential. The concentration of the potential lines is de- 
creased over the right posterior quadrant and increased over the left 
anterior quadrant. There is, furthermore, little rotation of the field 
during recovery. 

Anatomic Correlation . — These changes in the field can be correlated 
with the changes in the pattern of invasion and retreat which accompany 
hypertrophy of the right ventricle. These changes are partly due to 
positional changes of the heart accompanying this condition, and partly 
to the effect of the increased mass of the right ventricle. In hypertrophy 
of the right Ventricle, this chamber moves downward on the diaphragm 
and forward to gain closer contact with the front of the chest. The 
vertical height of the right ventricle is increased, and the area presenting 
itself anteriorly exceeds that on the diaphragm. The anterior inter- 
ventricular groove is displaced to the left, and the septum bulges less 
into the right ventricle. The septum also lies more nearly vertical, 
losing some of its tilt to the left. 

As activation begins, the batteries at equivalent moments during the 
spread through the septum come closer to the anterior chest wall, ac- 
counting for the increased concentration of potential lines here and the 
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decreased concentration posteriorly. The displacement of the septum 
and the greater mass of the right ventricle alter the summation of the 
batteries over the outer walls of the two ventricles during the second 
stage of invasion. The batteries in the outer wall of the right ventricle 
are more dominant because the enlarged right ventricle is closer to the 
front of the chest and occupies more of its surface area. These circum- 
stances bring about an abnormal angulation of the field. The orientation 
of the field in the second phase of activation indicates that the spread 
which dominates is the one from the anterior surface backward, to the 
right, and downward. This is the manner in which the activation can be 
imagined to spread over the walls of the hypertrophied right ventricle, 
presenting itself beneath the anterior chest wall. The field distribution 
during recovery also fits the view that recovery in the hypertrophied 
right ventricle and the base of the heart lags behind that in the apex and 
left ventricle. 
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0. — Cross-section 
face potential obtained as 
Discussed in text. 


-}■ B > c : , an 'l P represent the distribution of sar- 
in Pig. S fioni subject with right ventricular preponderance. 


3. HIE SURFACE FIELD IN LEFT VENTRICULAR PREPONDERANCE 

A. First Type. In the first type of left ventricular preponderance 
(I- igs. b and 10) the chief differences from the normal are the following: 

(a) During the first stage of activation the lines of zero potential are 
closer together than normal, being located at LUC, and LMA . The 
positive field is smaller in area and weaker than normal, while the nega- 
tive field is larger and stronger. The greatest concentration of potential 
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lines is located over the sternum, instead of the anterior axilla (A of Figs. 
8 and 10). 

(b) The rotation of the field is less than normal (about 30°), although 
in the same direction. 

(c) In the second stage of activation the zero lines are still close to- 
gether, the first now being at LAA 4 and the second close to KMC.,. The 
positive field has grown greatly in area and strength while the negative 
field has shrunk in area and strength. The greatest concentration of 
potential lines is now located in the anterior part of the left axilla, and 
their strength over the entire chest surface is greatly in excess of the 
normal. 


.03 .07 
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Fie. 10. — Cross-section diagrams A, B, C, and D represent the distribution of sur- 
face potential obtained as in Fig. 8, from subject with first type of left ventricular 
preponderance. Discussed in text. 


(d) During recovery, the field is more concentrated anteriorly and 
laterally than normal, and the maximum negative potential lies closer 
to the maximum positive potential. There is practically no rotation of 
the surface field during the recovery period, and the general orientation 
is similar to the normal. 

B. Second Type . — In the second type of left ventricular preponder- 
ance, the surface field resembles the normal field more closely during 
activation, but differs entirely from the normal during recovery. 

The chief differences between this second type of left ventricular 
hypertrophy and the normal are the following (Figs. 8 and 11) : 

(a) In the first stage of activation the lines of zero potential, the 
maximum positive potential, and the maximum negative potential are 
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displaced ill a counterclockwise direction from their normal positions. 
The strength of the positive and negative fields and the concentration 
of potential lines are increased, particularly over the e t an -enoi 

quadrant. , . . , 

(1,\ The rotation o£ the field, as in the first type of left ventricular 
preponderance, is less than normal (about 30”) and in the same d.rec- 


tiou. 

(c) In the second phase of activation, the concentration and magni- 
tude of the positive and negative fields are greater than normal. 

(d) During recovery, the location of the positive and negative fields 
is almost the reverse of the normal. 
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£4 .32 

Pis:. 11. — Cross-section diagrams A. B, C, and D represent the distribution of sur- 
face potential obtained as in Pig. S, from subject with second tvpe of left ven- 
tricular preponderance. Discussed in text. 

V. Anatomic Correlation . — These changes in 1 lie surface field in left 
ventricular preponderance fit the following known changes of the heart 
i» this condition : the area and mass of the left ventricle are increased; 
the heart elongates to the left and downward and rotates counterclock- 
wise on its long axis, so that the left ventricle comes in more intimate 
contact with the paravertebral muscle mass; the anterior interventricular 
groove and the right ventricle are displaced to the right; and the septum 
runs more nearly vertically and bulges much more than normally into the 
right ventricle, and so lies closer to the anterior chest wall. 

With activation beginning in the septum, the fact that it lies closer to 
tlie anterior chest wall accounts for the greater field strength here durum 
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the first phase of activation. The shift in the septum explains the 
displacement of the field in a counterclockwise direction during this 
phase of activation. Since under these circumstances the battery front 
spreads from left to right in the septum as well as over the outer wall of 
the hypertrophied left ventricle, the degree of rotation of the field will 
lie less than normal during the passage of the battery front from the 
septum to the outer wall of the ventricles. The closer contact of the heart 
with the chest wall over the left anterior and axillary regions explains 
the greater magnitude and concentration of the potentials over this 
region. 

The orientation of the field during recovery is the chief distinguishing 
characteristic between the two types of left ventricular preponderance. 
In the first, the pattern of recovery is like the normal, indicating that 
recovery lags in the base and right ventricle behind the apex and left 
ventricle. The complete reversal of the field from normal during 
recovery in the second type of left ventricular preponderance is evi- 
dence that, probably because of the great hypertrophy of Ihe left 
ventricle and advanced heart muscle changes, there is a lag of recovery 
in the left ventricle, i.e., the pattern of recovery is set by the pattern of 
activation. 

A CONSIDERATION OF THE VARIOUS THEORIES OF THE SURFACE FIELD 

The surface fields shown in Figs. 8 to 11 are asymmetric and show 
peculiar concentrations and spreads of potential lines. Obviously, these 
fields cannot be produced by a single bipole changing its voltage and 
direction from moment to moment, nor even by a pair of simultaneous 
bipoles. However, these results agree with our amplification 12 ’ 14 of 
Waller’s proposition, namely, that the field is produced in a hetero- 
geneous conducting medium by a complex battery which changes its 
pattern, voltage, position, and distance between poles in a complex way 
from moment to moment. We regard the concept of Eyster and his 
collaborators 37 ’ 38, 39 of two bipoles moving simultaneously and independ- 
ently during activation of the heart, and another pair during recovery, as 
an oversimplification. This criticism applies even more to the ideas of 
Groedel and his associates. 11 The three-dimensional vector diagram 
which Schellong and his associates, 40 among others, have recently utilized, 
does not give the complete picture of what is happening, even though 
it may offer diagnostic possibilities. 

Our results do not support the view of Wilson and his collaborators 41 
that the anterior chest leads depict, preferentially, events in regions of 
the heart beneath the chest electrode. The distance from the surface of 
the heart to the anterior chest wall is sufficient to minimize the effect of 
any one small area of the heart. The sharp reversal in direction of 
QRS and its orderly time pattern on the anterior chest also fit our con- 
cept. If leads from the anterior chest were “semi direct,” as claimed 
by Wilson, et ah, 41 then esophageal leads close to the left ventricle, pos- 
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leriorly, should also be “semidirect,” and the record from the esophageal 
lead should resemble in contour that obtained over the anterior wall of 
the chest and that from a unipolar lead directly from the heart s sm- 
face. This is not the case. 32 - 42 With the esophageal lead, the QRS 
phase sequence is the reverse of that in unipolar leads made directly 
from the heart’s surface and of that in anterior chest wall leads. Ex- 
cept for their larger magnitude, esophageal leads 42 resemble leads from 
the posterior chest wall. Experience gained with the esophageal lead 
is in accord with our field theory. It follows that the data derived 
from chest leads by Wilson’s school cannot be accepted as indicating the 
sequence of activation of the ventricles. The sequences measured by 
Wilson appear to represent merely the time at which the various points 
on the chest enter the negative part of the surface field as it rotates 
during the passage of activation from the septum to the outer walls of 
the ventricles. Hence, the evidence based on chest leads advanced by 
Wilson and his collaborators on the order of activation of the two ven- 
tricles in intraventricular block must be held sub judice. 

THE VALUE OF MULTIPLE CHEST LEADS 

We have presented evidence which supports the theory that the time 
record of the various points on the upper chest, including the right 
and left arms (Leads II and III), represents the fluctuation of the elec- 
trical field in a heterogeneous conducting medium, generated by the 
complex, constantly changing battery occurring in the heart during 
ventricular activity. The patterns developed can be correlated with 
the anatomic and functional experimental evidence in both normal and 
hypertrophied hearts. 

Further investigation may show that multiple chest leads give a better 
index of ventricular hypertrophy than do the standard limb leads. This 
is suggested by the fact that definite patterns can be obtained from 
multiple chest leads which lend themselves to analysis on a deductive 
physiologic, instead of an empirical, basis. A relatively small number of 
chest leads, labelled CF„ CF.„ CF S , CF 4 , CF., and CF c in the recent re- 
port of the American Heart Association,® may be sufficient to obtain in- 
formation for clinical purposes. 

Further studies of multiple chest leads in other conditions will be pre- 
sented by us in subsequent reports. 

SUMMARY 

1. Electrocardiograms were obtained from various points on the chest 
wall in normal subjects and in the patients with right and left pre- 
ljohderant ventricular hypertrophy. 

2. These records were used to reconstruct and analyze the changing 
surface electrical field of the heart during the phases of electrical systole 

3. Electrocardiograms from chest leads were interpreted as potential 
fluctuations m a heterogeneous conducting medium of an electrical field 
generated by a series of complex, constantly changing batteries. 
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4. These fluctuations follow a definite pattern : (1) a period of waxing 
potential during activation of the septum, (2) a period of rapid rotation 
of the field as activation spreads from the septum to the outer wall of 
the ventricles, (3) a period of waning as activation of the outer ven- 
tricular walls is completed, and (4) a waxing and waning of potential, 
with slight rotation, during recovery. 

5. The pattern in preponderant hypertrophy of the ventricles differs 
considerably from the normal. The differences can readily be correlated 
with changes in the spread of the batteries and in the arrangement of the 
conducting medium which are known to occur under such conditions. 
These patterns were remarkably constant and characteristic in the types 
of hearts studied. 

6. The constancy of these patterns and their new intei'pretation lend 
a new significance to multiple chest leads. 

We are indebted to the several internes and Heart Station technicians for 
assistance in obtaining the records, and to Mr. Russell Burke for making the 
drawings. 
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THE EFFECT OF FEVER ON POSTURAL CHANGES IN 
BLOOD PRESSURE AND PULSE RATE* 


Israel Kopp, M.D. 

Boston*, Mass. 

I N THE course oi' artificial lever therapy it has been observed that a 
change in the position of the patient from the recumbent to the 
sitting position resulted occasionally in marked weakness, fainting, and 
even unconsciousness and convulsions. It is a reasonable a priori as- 
sumption that this is due to a rapid and marked drop in the blood 
pressure caused by extensive vasodilation and faulty adjustment of the 
vasopressor mechanism to changes in body posture. 

Ellis and Haynes 1 have reported that postural hypotension is more 
likely to occur in patients who have some disease of the central nervous 
system. As most of the patients receiving fever therapy in our clinic 
have neurologic disease, and as fever therapy causes considerable 
stress and strain on the cardiovascular system, it seems likely that the 
ability of the vasopressor system to adjust itself during and immediately 
following fever would be lessened. A study was therefore undertaken 
to determine the effect of postural change on the pulse rate and the 
systolic and diastolic blood pressures in the basal state, at the height 
of fever, and again as the temperature fell toward the normal level. 

MATERIAL 

Observations were made on forty patients, twenty-nine males and eleven females, 
whose ages varied from 17 to 52 years, with an average age of 09 Vis years. The 
patients received fever therapy for the following conditions: 

1. Twenty-two patients — general paresis. In this group are included one patient 
with syphilitic aortic regurgitation, two patients with syphilitic aortitis, and one 
patient with a “funnel chest” and displacement of the heart to the left anterior 
axillary line. 

2. Six patients — meningovascular neurosyphilis. In this group is included one 
patient with syphilitic aortitis. 

3. Four patients — tabes dorsalis. 

4. Six patients — multiple sclerosis. 

5. One patient — congenital syphilis and interstitial keratitis. 

(j. One patient — rheumatic heart disease and subacute arthritis of undetermined 
etiology. 

METHODS 

With but few exceptions, all observations were made under fasting conditions. 
Following a rest period of from 30 to 45 minutes in the recumbent position, re- 
peated blood pressure and pulse rate determinations were obtained during a period 

•From the Boston Psychopathic Hospital, under the direction of Dr. Harry C. 
Solomon, Chief of Therapeutic Research. 
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of 10 to 20 minutes before and after fever therapy, and over a shorter period of 
time when the temperature was at its maximum. After these observations were ob- 
tained in the reeumbent position in each of the three phases, the patient was sat up, 
and readings were again obtained at- intervals of 5, 20, 00, 120, and 180 seconds. 
The patient was then placed back in the recumbent position and readings obtained 
each minute thereafter for five consecutive minutes. These, procedures were carried 
out when the body temperature was normal, following the administration of two to 
live hours of artificial fever at temperature levels ranging from 102° to 100.5°, and 
when the body temperature had fallen to, or close to, the basal level. 

Fever was induced by means of diathermy or inductothermy combined with the 
lamp cabinet, the lamp cabinet alone, and the Kettering liypertherm. 


RESULTS 

Puhc Rate . — The pulse rate rose in all patients when the sitting posi- 
tion was assumed, both before and after the induction ot fever, with 
the exception of two patients in whom a fall occurred at. the height of 
the fever. The increase in pulse rate and the percentage change with 
the shift in posture were greatest when fever treatment was completed 
and body temperature had fallen to nearly basal levels (Fig. 1). 



Fiff. 1. — The effect of postural chance on the pulse rate. 


Systolic Blood Pressure .— As a result of the application of fever, the 
systolic blood pressure was likely to show an immediate and greater 
fall within 30 seconds after the change to the sitting posit ion (Tab’es 
I and II). A compensatory rise in systolic pressure occurred less fre- 
quently under these conditions than before fever was induced. Where- 
as the systolic blood pressure showed a fall in only throe patients when 
the sitting position was assumed under basal conditions, this occurred 
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Tamm: !I 


Minimum Systoi.iv I’rkssit.i: Lt:n:i.s Hmnu: and Anri: tiii: Ciianoi: in PosTnii:* 



l systouc m.oop pi:i:.ssi i:r. 


fill-ltO MM. | 

(51-70 MM. I 

j 71 -SO mm. 

Before Treatment 

i 



Recumbent 

0 

0 

«> 

Sitting 

0 

0 

1 

At Height of Fever 




Recumbent 

0 

] 

l» 

Sitting 

•1 

ll 


Knd of Treatment 




Recumbent 

0 

*1 

•t 

Sitting 


■i 1 

7 


•The Incidence of low systolic pressures Is cn-Mtcr wln-n tin- slttlnir p.r-ltlon Is 
assumed durinp and after the :i|i|>)lcatlon of nrtlllrlal Over. 


in twcnty-1 hire put ion Is al the height of the fever and in seven patients 
after body temperature had fallen. (It should ho pointed out that the 
application ot fever results in a lowering of the average systolic blond 
pressure.) 





-The effect of postural ch.inse the diastolic pressure. 


, “/'iTr 1,1 1,10 1 “' S “ I Sl " l ° lllC J’osiUon caused 

“ r ° " l,c , d " sl0,lt '>''“ s " re ™ »" or the patients (Pig. 2). Both at 
tlie height of the fever and after the temperature had approached nor- 
ma, the rae in diastolic pressure was greater and in some instances was 

” ofc ' ■- ^ ~ 
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From these findings it becomes evident that in some patients during 
the febrile state, or immediately after the temperature has fallen, a 
change from the recumbent to the sitting position causes, as the most 
significant finding, a marked reduction in the pulse pressure due to a 
relatively small rise, no change, and, very often, a fall, in the systolic 
pressure, and a considerable rise in 1 he diastolic pressure (Table III). 

On resuming the supine position, from the sitting posture, the return 
of the blood pressure and pulse rate to the initial levels present before 
the test was applied was fairly prompt, occurring within two minutes 
in most patients under basal conditions, but hiking more time after 
body temperature had fallen, and still more at the height of fever. 


Tarle III 

Minimum Pui,sr Prkssukk Levels Bkfork and After the Postural Change* 



I PULSE PRESSURE 


0-9 MM. 

10-15 MM. 

Basal 



Recumbent 

0 

0 

Sitting 

0 

3 

Febrile 



Recumbent 

0 

0 

Sitting 

1 

13 

End of treatment 


' 

Recumbent 

0 

0 

Sitting 

3 

8 


•Marked reductions in the pulse pressure arc more frequent when the sitting 
position is assiimed during and aTtcr the application of artificial fever. 


A division of the patients into two groups, those whose basal systolic 
blood pressures were above 120 mm. and below 100 mm. respectively, 
reveals that the initial systolic level was of little significance in the type 
of response obtained either at the height of the fever or after body tem- 
perature has fallen. A division of the patients with paresis into those 
having severe, intermediate, and mild degrees of the disease results in a 
similar conclusion. Though only four patients with tabes dorsalis are 
included in our series, it is our impression that, adjustment to postural 
change was more difficult in these patients than in those with general 
paresis. As a group, the responses of the patients with multiple sclerosis 
to postural changes under the various conditions were good. 

The increases in pulse rate in the individual patient with the change in posture 
were variable, tending to be greater at the height, of the fever and greatest at the 
end of treatment. However, individual differences were present, the increases in 
some being about equal on each test or even less while body temperature was in- 
creased. In one male patient, 44 years of age, who was thought to have general 
paresis, a rather marked fall in pulse rate, from 130 to 87 beats, occurred with 
assumption of file sitting position when the rectal temperature was 100.2° F. The 
pulse rate rose to 120 while the sitting position was maintained for two and a half 
minutes, but did not reach the level present before the change in posture. 

The changes in the systolic blood pressure in the individual patient were some- 
what variable. However, those patients who exhibited both a rise and a fall, or a 
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fall alone, in the systolic pressure under basal conditions usually ™^ouded in a 
similar fashion, or showed a fall alone, at the height of the fever and at end 
of treatment. It is evident also that other patients who responded with an increase m 
the systolic pressure under basal conditions showed a different response during ant 
after fever, either fluctuations in both' directions or reductions alone. 

In two patients, J. D. (52 years old, meningovascular neurosypliilis), and 0. A. 
(56 years old, tabes dorsalis), the change to the sitting position at the height of the 
fever was accompanied by changes in the blood pressure and the pulse rate charac- 
teristic of postural hypotension (Figs. 3 and -1). 



I*igs. 3 and 4.— The alterations in the blood pressure and pulse rate produced by 
changing to the sitting position at the height of the fever resemble those seen in 
postural hypotension. A, Before fever induction; B, at height of fever; O, at etui 
of treatment. 


In one patient (30 years old, multiple sclerosis), (lie initial systolic pressure in 
the supine position at a temperature of 101° F. before the test was carried out was 
300 mm. on numerous occasions. The change to the sitting position resulted in a 
drop to 105 mm. The marked increase in the systolic pressure at the height of fever, 
at a time when there is usually a slight fall or rise in most patients, seems incredible, 
but the measurements obtained on five consecutive minute readings following tile 
resumption of the recumbent position ranged from 230 mm. to 100 mm. (Observa- 
tions on the blood pressure of a large group of patients given artificial fever by 
similar methods have revealed in a number of patients blood pressure values rang- 
ing from 240 mm. to 300 mm. over periods of one to two hours.) 
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DISCUSSION 

Compensation is usually prompt and adequate with a change in body 
position. A change from the recumbent to the standing position in the 
normal person is accompanied by only slight fluctuations in the systolic 
pressure, usually less than 10 mm. in either direction, slight increases in 
the diastolic pressure, and only slight decreases in the pulse pressure. 
The heart rate may increase from 10 to 20 beats a minute. 1 These 



Sitting 

Fig. 4. 


changes tend to overcome any pooling of blood in the areas below the 
level of the heart and to maintain an adequate blood supply to the brain. 
A diminution of the latter stimulates the vasomotor center, which sends 
out impulses constricting the arterioles. Of considerable importance 
in the adjustment to postural change is the vasoconstrictor action in 
the splanchnic area, which in man prevents a fall in blood pressure. 2 


KOFI 1 2 3 : 


EFFECT OF FEVER OX I’OSTI'RAl. CHANCES 


53 


Various types of inadequate responses to postural change occui. 
Adaptation may be insufficient, immediately on the assumption of the 
upright, position with subsequent full compensation, or compensation 
may be good but as the position is maintained adaptation becomes in- 
adequate. In the latter case the systolic pressure falls steadily, the 
diastolic pressure remains the same or may increase slowly, and the 
heart rate continues to rise. The postural reflex may be delayed, as 
shown by an initial fall in the blood pressure, or it may respond with 
insufficient intensity. It may respond excessively, as shown by a rapid 
heart rate or by the maintenance or increase in the diastolic blood pres- 
sure. 1 

Changes in the systolic and diastolic blood pressures and pulse rate 
should be less pronounced when changing from the supine to the sitting 
position than from the supine to the standing position. Under basal 
conditions, the changes which occurred in our patients when the sitting 
position was assumed were often less marked than those found by others 
in patients changing to the erect posture. In some, however, the in- 
creases in pulse rate, systolic pressure, and especially the diastolic pres- 
sure, were much greater. The more marked increases in the pulse rate 
have been attributed to greater efforts on the part of the heart to main- 
tain circulatory equilibrium.* In addition, individual variations in the 
responses of the pulse rate and blood pressure to postural change are 
considerable. 4 5 6 

From the results obtained in our patients it is evident that the ability 
to adapt to postural change is made more difficult by the induction of 
artificial fever, and that this difficulty persists even after body lempera- 
ture has fallen to, or close to, its basal level. 

Difficulties in adjusting to the change from the recumbent to the sit- 
ting position under these conditions are revealed by: 

1. The greater incidence of an immediate or a sustained fall of the 
systolic blood pressure to low levels. 

2. More frequent fluctuations in blood pressure above and below the 
initial level present in the supine position. 

3. Inability to maintain an initial rise in systolic pressure. 

4. A fall of diastolic pressure, or inability of the diastolic pressure to 
rise. 

5. Greatly reduced pulse pressure. 

6. Greater and progressive increases in the pulse rate. 

Observers have attributed inadequate adaptation to postural changes 
to impairment of intrinsic vascular tone or poor tone in the skeletal 
musculature, especially of the abdomen and legs, resulting in pooling of 
the blood in the dependent areas (either because of poor venous tone 
or failure of the skeletal muscles to assist in venous return), insufficient 
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cardiac output, and cerebral anemia . 1 Difficulty in postural adaptation 
has been observed in patients convalescing from severe infections, de- 
bilitated patients, and in patients with vasomotor instability and the 
effort syndrome . 1 

Body musculature is considerably relaxed during and following arti- 
ficial fever therapy and dehydration of a variable degree also frequently 
occurs, r> both resulting in an inadequate venous return and a diminished 
cardiac output. The change from the supine to the sitting position re- 
duces still further the cardiac output" and cerebral blood flow . 7 

Marked peripheral vasodilation is present as a result of artificially 
induced fever and, if long continued, capillary tone is impaired, with 
consequent stasis . 8 Visceral engorgement is marked and is intensified 
by gravity when the sitting position is assumed, diminishing still further 
the venous return. The long continued application of artificial fever 
may result in exhaustion of the sympathetic nervous system , 0 and since 
the responses of the vasomotor reflexes to postural change are mediated 
through the sympathetic nervous system , 1 they may become inadequate. 

The prompt rise of the diastolic blood pressure in most of the patients 
when the sitting position was assumed during and following fever would 
seem to indicate that vascular tone was but slightly impaired as a result 
of fever. However, the inability of the systolic pressure to rise with 
the change in posture might well be due either to impaired vascular tone 
or to a diminished output for each heart beat. 

The weakness, fainting, and convulsions which occurred in some of the 
patients as a result of the change to the sitting position, both at the 
height of fever and after body temperature had fallen, can be attributed, 
therefore, to diminution of the cerebral blood flow, not only as a result 
of the change in posture per se, but also because of the insufficient venous 
return due to dehydration, visceral engorgement, and possibly an im- 
paired vasopressor mechanism. This is substantiated by the fact that 
when the sitting position was assumed at these times there were more 
frequently a fall in systolic blood pressure to low levels and a relatively 
large reduction in pulse pressure. 

Similar alterations in response to changes in posture are said to occur 
as a result of anesthesia. Under chloroform, and to a less extent under 
ether and other anesthetics, also during shock and various unconscious 
states, the compensatory responses to changes from the horizontal posi- 
tion are depressed, and any change from this position may result in 
serious danger to life . 10 It has been shown that general anesthesia, 
narcotic drugs, injections of histamine or barbiturates, severe anoxemia, 
and pulmonary hyperventilation will often depress considerably, or 
even abolish, the pressoreceptive regulation of the blood pressure and the 
circulation . 11 It has also been shown that the administration of vaso- 
dilator drugs, such as histamine and sodium nitrite, destroys the normal 
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compensatory reactions of the vasomotor system when there is a change 
from the horizontal to the upright position. 12 It is quite possible that 
artificial fever, as induced under the above conditions, may have a 
similar effect. 

The fact that no symptoms and no abnormal responses were noted in 
some patients did not eliminate the possibility of an abnormal response 
when the patient was allowed to walk or stand. Patient D., though she 
responded in what appeared to he a normal manner to the tests applied, 
experienced a series of convulsive seizures when allowed to walk to the 
balance for a weight determination at the end of treatment. Patient. 
C. A. had a convulsion when he attempted to stand following his treat- 
ment. Though muscular movements result in a greater venous return, 
the demands made upon the vasopressor and cardiovascular mechanisms 
when standing or walking following fever therapy are much greater than 
when changing from the supine to the sitting position, and inadequate 
responses, with symptoms, are more apt to occur. 

The responses in blood pressure and pulse rate occurring in some of the 
patients at the end of treatment, when body temperature was nearly 
normal, were even more abnormal than those obtained at the height of 
the fever, indicating that residuals of the stress upon the cardiovascular 
and nervous systems are still present even when treatment has been 
completed. 

The presence of heart disease due to syphilis or rheumatic fever in 
five of our patients did not appear to influence the results obtained in 
these patients, since the responses did not differ in any way from those 
which occurred in the patients without cardiac disease. There were, 
however, no signs of myocardial insufficiency in these five patients. 

Our findings appear also to corroborate the statements of other 
workers 1 ’ 7 that dizziness and fainting are most likely to occur with 
postural change when other factors promoting cerebral anemia, such as 
arteriosclerosis, are present, for in our series symptoms were most promi- 
nent in patients above 50 years of age. However, an initially low blood 
pressure did not play as important a role and did not appear to bear any 
relationship to difficulties in adaptation, either before, during, or after 
the application of fever. Untoward symptoms did not result in all 
patients whose systolic blood pressure had fallen to low levels in the 
sitting position, indicating that there was no absolute level at which 
difficulties would occur. 

It was interesting that some of the patients, when placed in the sit- 
ting position during fever and after body temperature had fallen, had 
excessive sweating over the face and shoulders, accompanied by pallor 
and very little sweating over the remainder of the body. In others the 
change in posture under these conditions was followed by dyspnea 
eructations of gas, restlessness, nausea, weakness, dizziness, or blurrin- 
of vision. ° 
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SUMMARY 

1. Studies were carried out to determine the effect of artificial fever 
upon the responses of the blood pressure and pulse rate to changes in 
body posture. 

2. The application of artificial fever results in a greater frequency of 
inadequate responses to postural change, more marked at the height of 
the fever than when body temperature has fallen. 

3. Inability of the postural vasomotor reflex to respond in a normal 
manner under these conditions is revealed especially by the more fre- 
quent immediate and sustained drop in the systolic blood pressure, and 
by rather marked reductions in pulse pressure. 

4. Untoward reactions, such as fainting, unconsciousness, and convul- 
sions, brought on by changes in body posture during or after the induc- 
tion of artificial fever, are due to cerebral anemia caused by a diminished 
cardiac output and an impaired vasopressor mechanism. 
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EMBOLISM AND THROMBOSIS OP THE ABDOMINAL AORTA 

Report ok Three Unusual Cases 

Franklin AY. Fry, M.D. 

Hempstead, N. Y. 

T HERE have appeared in the recent medical literature reports of 
approximately 135 cases of embolism and thrombosis of the ab- 
dominal aorta, of which 125 were ably abstracted by Rothstein, in 
1935. Of the 135 patients, only twenty survived, ten by virtue of the 
development of an adequate collateral circulation, as reported by Lull 
and Chvostek, 28 Nunez, 2b Dcrman and Dutkcwitsch, 3 van der Beck,-' 
Bull, 5 and Rykert and Graham.® One recovered spontaneously and two 
improved under treatment with alternating suction and pressure. In 
one case reported by Rothstein the patient recovered, probably because 
the embolus passed from the bifurcation of the aorta into the iliac 
artery. The remaining nine patients were relieved by embolcctomy. 
Death was usually not long delayed, following close upon gangrene 
of one or both legs. In Hesse’s 7 series of forty-six cases, the duration 
of life after the onset of embolic symptoms was as follows: nine pa- 
tients died within twenty-four hours, six more within forty-eight hours, 
a total of twenty-four within one week, a total of thirty-five in the first 
month, and the remaining eleven patients all died between the second and 
sixth month. In the three eases presented in this article death occurred 
from twelve months to five years after the initial embolic symptoms. 
In two of the three there was no evidence of gangrene, and the immedi- 
ate cause of death was intercurrent disease. 

In contradistinction to embolism of the abdominal aorta, which is 
characterized by dramatic, sudden onset, as illustrated by AVelch, 8 
primary thrombosis of this artery may be ushered in by slight, easily 
mistaken, or overlooked symptoms. In the majority of cases there is 
a primary embolus, followed by retrograde thrombosis of the involved 
artery. In these latter cases the classical sign of gangrene of an ex- 
tremity may be late or entirely absent, depending on the speed of ex- 
tension of the occluding thrombus up the vessel. Bull, 5 however, 
slates that the presence or absence of gangrene depends upon whether 
the lumen is completely or partially occluded. 

To illustrate a marked degree of occlusion of the aorta with a mini- 
mum of symptoms of arterial obstruction, three eases of complete throm- 
bosis of the abdominal aorta arc presented in some detail. 

REPORT OK CASES 

Case 1.— W. 0., a 21-year-old grocer’s cleric, was admitted to the North Country 
Commun ities Hospital, Glen Cove, L. I., on three occasions over a three-year period. 
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He was first admitted April 2, 1933, with the history that two weeks prior to 
admission he had been forced to cease work because of tightness of the muscles 
of the left arm and of the calves of his legs. This condition was aggravated by 
exertion and relieved by sitting or lying down. Aside from the pain, the patient 
had noted no abnormality in either arms or legs. Two days before admission 
he was awakened in the night with a severe pain in his upper abdomen which 
was associated with nausea and vomiting. The pain and vomiting persisted 
the following day, and he was hospitalized for this complaint. 

.The family, past, and personal histories were entirely negative. The patient 
was a moderate user of tobacco. 

The examination on admission revealed that the patient was a fairly well- 
nourished white man, not cyanotic or dyspneie. The blood pressure in the right 
arm was 130/78; in the left arm it could not be measured. No pulse was 
perceptible in the left arm. Whether or not there were pulsations in the femoral 
arteries was not ascertained. The heart sounds were normal. The abdomen 
was scaphoid and showed no localized tenderness or rigidity. Bilateral costo- 
vertebral tenderness was present, more pronounced on the right side than on the 
left. The extremities were normal. 

Laboratory Examination. — The urine was normal. The hemoglobin -was 88 
per cent, the erythrocyte count 4,550,000, and the leucocyte count 9,500; 75 per 
cent of the leucocytes were polymorphonuclear cells. The blood Wassermann re- 
action was negative. 

A roentgenologic examination of the chest failed to reveal any evidence of 
disease. Cholecystograms were reported as showing normal gall bladder function. 

The patient remained in the hospital for eight days, during which time gradual 
improvement was noted. During the first three days of the hospital stay he con- 
tinued to complain of vague abdominal pain. At no time were there any com- 
plaints referable to the legs, and no objective signs were found in the lower 
extremities. 

The patient was next admitted to the hospital Jan. 24, 1934, approximately 
ten months after his first admission, with the history that his legs had become 
too weak to permit him to carry on his previous work as a grocer's clerk. 
He had also noticed that they became painful on walking. The pain and weak- 
ness had been noticed in lesser degree in the arms. He complained that his feet 
became cold more easily, and that epicritic sensation in the feet was diminished. 
“Ace” bandages applied to the legs had caused intolerable pain. About seven 
months before this second admission, the patient began having transient attacks 
of diplopia; this symptom had become more severe within the preceding week and 
had necessitated the second admission. 

The examination on this admission revealed, in addition to the previous find- 
ings, that the heart was slightly enlarged to the left. A systolic thrill was felt 
at the apex. The pulmonic second sound was louder than the aortic second sound. 
There was a presystolic rumble at the apex. The blood pressure in the right 
arm was 140/80. No attempt was made to measure the blood pressure in the 
left arm. The neurologic examination revealed evidence of ataxia, as demon- 
strated by a positive Eomberg test. A general -weakness of the lower extremities 
was noted, and a slight involvement of the right seventh nerve and right third 
nerve nucleus, as evidenced by irregular pupils and ptosis of the left lid, was 
observed. 

Laboratory examination again showed a normal urine and a normal blood 
count. A spinal puncture revealed that the spinal fluid was under normal pressure 
and contained the normal number of cells. While in the hospital the diplopia 
disappeared and the ataxia improved, so that the patient was discharged eleven 
days after admission with a tentative diagnosis of encephalitis. 
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The patient was next soon in the hospital twonlythroo months Inter, Nov. 24, 
1935 . Ho said that for the preceding four days ho had been short of >rcn i. 
A rough which had boon present for approximately one wool; had bocomo worse 
and productive of bloody sputum, and was associated with pain in the tmtorinr 
portion of the left chest. Hospitalization was advised when a marked porionn m 
friction rub was heard by his physician. 

The interval history was otherwise negative except for the continued presence 
of intermittent claudication. There had been no diminution in cardiac reserve 
noted during the preceding two years. 

The physical examination on this admission showed n dysp.ieie, pale, acutely 
ill, thin young man. Slight cyanosis and orthopnea were present. The pupils 
were slightly irregular but reacted normally to light and in accommodation. 
Evidence of marked hypertrophy of the left side of the heart was found; the 
lower outermost point of the apical impulse was in the sixth intercostal spine, 
14 cm. from the midsternnl line. At the apex of the heart si marked pericardial 
friction rub was heard and gallop rhythm wsis present. ’I here were a rough 
systolic and a high pitched diastolic murmur both at the apex and base of the 
heart. The blood pressure in the right arm was U>0/l(Ut, and iu the left arm 


144/100. The blood pressure could not be measured in either leg. The lungs were 
dull to percussion, and there were moist rales at both bases. 1 he liver was 

palpable below the costal border. It was not tender. Through the thin abdominal 

wall no pulsation of the abdominal aorta could be felt. It was noted that tin* 

femoral pulse on the right side was very weak, while no pulsation could be felt 

on the left. The extremities were otherwise normal. 

The electrocardiogram showed sinus tachycardia, right axis deviation, and an 
auriculoventrieular conduction time of .14 see. The T wave was inverted in 
Leads I and 11, and varied in Lead III. Tin* prceordinl leads showed evidence 
of pericardial effusion, with depression of the ST segments in prceordinl 1 -S‘nds 111 
and IV (method of Wilson, with the right arm lead wire connected to the exploring 
electrode). 


Laboratory Examination. — On admission, the urine showed n very faint traee 
of albumin and three red blood cells to the high-power field, lied blood cells 
were not found on subsequent urine examinations, but granular casts appeared 
shortly before death. The hemoglobin was fig per cent, the erythrocyte count 
.“1,050,000, and the leucocyte count !>,000, of which 74 per cent were polymorpho- 
nuclear cells. The area nitrogen content of the blood was 4b’ mg. per cent. The 
blood sugar and creatinine values were 1.7(1 and 11.11 mg. per cent, respectively. 
The blood culture on several occasions was sterile. 

Roentgenologic examination of the chest at the time of admission showed a 
large pericardial efiusion and soft, scattered pulmonary lesions suggesting lobular 
pneumonia. The findings were more marked in the central portion of the left lung. 

The patient's condition grew steadily worse. The leucocytes gradually rose to 
113,000, of which 84 per cent were polymorphonuclear cells. For the first few day,- 
the pericardial effusion was the predominant lesion. The friction rub remained 
for forty-eight hours. However, when fluids were forced the azotemia diminished, 
and within two weeks the pericardial effusion had disappeared. T lie gallop rhythm 
at the apex of the heart persisted. The veins of the neck remained distended 
throughout the entiro hospital stay. Five days after admission the patient developed 
signs of fluid in the right side of the chest, and edema of the ankles which was 
more marked on the left side than on the right; the dyspnea and cyanosis increased, 
and the liver became palpable tea centimeters below the costal border. The patient 
was fully digitalized without effect. The orthopnea became more marked and 
the edema of (he legs increased. The patient lapsed into semieomn and expired 
sixteen days after admission. The total duration of the illness had been thirty- 
three months. 
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The pertinent autopsy findings were as follows: Upon, opening the thoracic 
cavity 2,000 c.c. of bloody fluid were found in the right pleural sac, pressing the 
right lung to the mediastinum. Both lungs were riddled with infarcts of various 
sizes. 

The lining of the pericardium was smooth and glistening throughout, with no areas 
of roughening or inflammation. Fifty cubic centimeters of pericardial fluid were 
present. The heart weighed 500 gm. Tiie right auricle was normal. Enmeshed in the 
normal chordae of tire tricuspid valve were found two large, extremely friable 
thrombi ; the smaller one measured 1 cm., and the larger, 2 cm., in diameter. The right 
ventricle and pulmonary valve were normal. The aortic valve was bicuspid, and 
the cusps were found to be thickened, producing a hard, roughened, ragged, in- 
elastic valve. At the tip of the larger (posterior) cusp there were very small, friable, 
well-organized vegetations. The wall of the left ventricle was markedly hyper- 
trophied. The mitral valve and left auricle were normal. 

The liver weighed 1,735 gm., and the cut section of this organ showed chronic 
passive congestion. The gall bladder was large and distended; the walls were 
normal. A large, gray, friable thrombus was noticed at the junction of the hepatic 
vein and inferior vena cava. 

The spleen was small, shrunken, and of the fetal type. 

The pancreas was normal. 

The right kidnej' was large, of the fetal tj’pe, and weighed 217 gm.; this kid- 
ney was anomalous in that the main renal artery originated 2 cm. higher than 
the left renal artery. The left kidney was small, weighing 70 gm.; on section, 
the normal striations were lost, and the organ was of a darker hue than its 
fellow. 

The arch of the aorta was normal. The intercostal arteries, especially over the 
lower half of the thorax, were slightly dilated. The thoracic aorta was not 
dilated, but showed more evidence of arteriosclerosis than is normal for a man 
21 years old. Just below the diaphragm the aorta was occluded by an old, or- 
ganized thrombus, covered with endothelium. Between the apex of the thrombus 
and its base, the right renal artery, which was entirely patent, was found. One 
centimeter below this artery was the celiac axis, which was completely occluded 
by thrombus. Below the celiac axis was the left renal artery, which was found to 
be partially occluded. Immediately below the left renal artery the aorta shrank 
to a diameter of 2 cm. Both of the common iliac arteries were thrombosed 
throughout their entire diameter (Fig. 1). The thrombus in the aorta and iliac 
vessels was identified as old and well organized. A collateral circulation had 
been established, in part, between the deep epigastric and internal pudendal 
arteries. 

Microscopic examination of the aortic cusps showed that the bicuspid condition 
was of congenital rather than inflammatory origin, as demonstrated by Bishop, 8 
et al., with the Weigert elastic fiber stain, using the technique of Lewis and 
Grant. 10 

Microscopic study of the aorta revealed severe sclerotic changes of the intima 
and media, with laminated fibrinous thrombus filling the lumen. The lesions 
could not be identified by the pathologist as either syphilitic or rheumatic. 

Case 2. — Y. T., a housewife, 42 years of age, was admitted to the Nassau Hospi- 
tal, Mineola, L. I., in November, 1937, following a cerebral accident. The family 
history was negative. A history of rheumatic heart disease of two and a half 
years’ standing was obtained. Eighteen months prior to admission she had had 
an infarct of the lung, with a slow recovery. Five months later an embolus had 
lodged in the left leg. This diagnosis was made because of coldness, pallor, and pain 
in the leg and foot, with inability to move the member. Within four months partial 
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function had returned. Residual weakness and intermittent claudication were the 
only remaining symptoms. There was no involvement of the bladder. 

Physical examination of the patient on admission showed a dyspneic and orthop- 
neic middle-aged woman. There was evidence of upper motor neurone paralysis of 
the left side. The heart was enlarged; the lower outermost point of the apical 
impulse was felt outside the midclavicular line. There were a systolic and diastolic 
murmur at the apex and a systolic murmur at the base. The ventricular rate was 
100, the pulse rate 90. The blood pressure was 19S/9G. The spleen was not palpable. 
The liver was felt at the costal margin. The extremities were apparently normal. 
No discoloration was noted and the temperature of the legs was the same. There 
was no edema. Whether or not femoral artery pulsations were present was not 
ascertained. 



Fig. 1— Thrombosis of the abdominal aorta extending above the celiac axis (Case 1) 


Laboratory Examinations.— The electrocardiogram showed auricular fibrillation. 
The urme was normal except for a faint trace of albumin and a few granular casts 

the leZc ^ ! he T° gl0bin W ‘ aS 92 Pei ' CeQt :m(1 tlle erythrocyte count 5,3G0,000; 
& old, f ?°’ ° f WhiCh 78 Per Ce,lt Polymorphonuclear cells, 

negative.^ “ two ° Ceasions - The W o°d Wassermann reaction was 

thii^XSl r:l in a «d delirium, dying on the twenty- 

hospital day with a rising ventricular rate and body temperature. The 
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paralysis remained unchanged. No circulatory changes were noted in the ex- 
tremities throughout the entire period of hospitalization. 

At autopsy there was a zone of softening, G cm. in diameter, in the right cerebral 
hemisphere, impinging on the lateral ventricle. The heart showed a right ventricle 
three times the normal thickness, a moderately thickened left ventricle, and an ex- 
tremely stenotic mitral valve. On the posterior leaflet of the mitral valve there were 
numerous, red, calcific granulations. There was an adherent thrombus in the left 
auricle. The aorta in the upper portion was normal for the age of the patient. 
At the level immediately below the origin of the renal arteries the lumen of the 
aorta was occluded by a soft, red, but adherent, thrombus. This thrombus became 
firmer and more densely attached to the intima of the aorta as the bifurcation 
was approached. At this level the process was well organized. The contents of the 
lumen were yellowish gray and appeared partly fibrous. The process continued 
uninterrupted into the common iliac arteries. 

The lungs showed diffuse congestion, but there was no evidence of pneumonia. 
The pleurae were covered by fibrous tissue; there was a small amount of fluid in 
both pleural spaces, from which the Type I pneumococcus was cultured. The spleen 
weighed 400 gm. and was grossly normal. The kidneys showed evidences of old 
infarction. The other organs were essentially normal. 

Microscopic examination of the heart failed to show typical Aschoff bodies. There 
were, however, numerous foci of dense fibrous tissue around the blood vessels of the 
heart muscle. 

Sections taken from that part of the aorta which was completely thrombosed 
showed the lumen with red thrombus adherent to the intima. Here the endothelium 
was deficient. The great part of the change lay in the media, where there were 
diffuse engorgement and reduplication of the small vessels and widespread infiltra- 
tion of these tissues by polymorphonuclear cells and phagocytes containing hemo- 
siderin. 

The final diagnoses were rheumatic heart disease with mitral stenosis; mural 
thrombus of the left auricle; infarction of the right cerebrum; multiple old infarcts 
of the kidneys; acute fibrous and purulent pleuritis; diffuse mesaortitis; and 
endaortitis with thrombosis. 

The autopsy findings were a surprise, for thrombosis of the aorta in this case 
was not suspected because of the paucity of symptoms referable to the abdomen 
and legs. 

Case 3. — H. B., a 54-year-old man whose mother had had hypertension, gave a 
past history which was essentially negative except for excessive cigarette smoking 
for many years. 

The present illness began five years previously, when the patient noted a 
sudden pain in the left leg which was localized to the foot and calf and was 
associated with coldness of that member. This condition kept the patient in 
bed for three months, during which time there was improvement with the use 
of Buerger’s exercises. Thereafter the patient’s only symptoms had been inter- 
mittent claudication and partial loss of epicritic sensation of the left leg until 
three years prior to admission, when he had a similar attack with gangrene and 
loss of a small portion of the medial side of the left great toe. The toe later 
regenerated completely. He was subsequently treated by the Pavaex method, but 
noticed no lessening of the intermittent claudication. Fifteen months earlier 
he had had coronary occlusion, recovery from which was postponed by lobar 
pneumonia, the type and site of which were unknown to the patient. This oc- 
clusion was followed by a bilateral deep phlebitis of the legs and a subsequent 
pulmonary embolus. Still later there occurred an attack characterized by severe 
abdominal distention and hiccough which was diagnosed as mesenteric thrombosis. 
All these events took place over a ten-month period, during which the patient 
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was in a hospital in Canada practically the entire time. However, during the 
preceding four months he had been able to carry on his usual sedentary work 
as a writer, with no symptoms except intermittent claudication in both legs, 
worse on the left than on the right. There had been a loss of epicntic sensa- 
tion in both feet. He had continued to smoke twenty to forty cigarettes a day 
until his admission to the Naussau Hospital. Two weeks prior to admission, 
following a great deal of walking, he noticed early gangrene of the third, fourth, 
and fifth toes of the left foot. 

Examination on admission to the Nassau Hospital on March 22, 1938, showed 
a tall, spare, middle-aged man looking older than his years. The pupils were 
unequal, the right being larger than the left, but both reacted normally to light 
and in accommodation. Examination of the eye grounds showed moderate arterio- 
sclerotic changes in the vessels. The cervical veins were not distended. Ihe 
right lung was normal, but a few moist rales were heard at the base of the left 
lung. The heart was normal in size. The heart sounds were of fair quality at 
the apex and the base. There was a systolic murmur at the apex. The blood 
pressure in both arms was 136/80. The blood pressure could not be measured 
in either leg. The cardiac mechanism was normal, and the rate was 110 beats 
a minute. Neither the liver nor spleen was felt. The abdominal aorta was pal- 
pable through the thin abdominal wall down to the level of the umbilicus, where 
the pulsation abruptly ceased. There was marked sclerosis of the brachial and 
radial arteries. There was a very poor femoral pulsation on the right side, but a 
fair pulsation of the left femoral artery was felt. No dorsalis pedis or posterior 
tibial pulsation was noted in either leg. There was dry gangrene of the left 
third, fourth, and fifth toes, with regional cellulitis extending to the ankle. The 
temperature of the legs was the same. The veins were prominent, but no vari- 
cosities were present. 

An electrocardiogram taken prior to admission showed changes typical of an old 
anterior wall infarction. 

Laboratory Examination. — The specific gravity of the urine was 1.020; the 
urine contained no albumin or sugar. The blood AVassermann reaction was nega- 
tive. 

The patient’s course in the hospital was characterized by slowly increasing 
dry gangrene of the entire left foot below the ankle, and by a sudden arterial 
occlusion in the right leg. This occlusion occurred seven days after admission, 
and resulted in a spreading dry gangrene of the right leg extending to mid- 
thigh. The patient was given the usual conservative treatment for gangrene, 
including alcohol by mouth, papaverine, tissue extract, generalized infrared 
light, and partially occlusive bandages to the leg. All treatment was to no avail. 
He became increasingly stuporous and “toxic” and had slight fever until the 
final week, when the temperature rose much higher. Death occurred suddenly 
eleven weeks after admission. 

The pertinent autopsy findings were as follows: External examination showed 
dry gangrene of the left leg below the ankle and of the right leg below mid-thigli. 

The lungs showed diffuse congestion. The heart weighed 375 gm. There was a 
definite increase in thickness of the wall of the left ventricle. Moderate 
generalized coronary sclerosis was present. The left descending coronary artery 
was found to be occluded and fibrosed by an old thrombus. At the apex of the 
left ventricle there was a large area of fibrosis, with an old, adherent, organized 
mural thrombus. There was no deformity of the valves. The heart was other- 
wise normal. 


Ihe arch and thoracic portion of the aorta were normal, showing onlv slight 
evidence of arteriosclerosis. There was no dilatation of the thoracic aorta and 
little increase m the diameter of the intercostal arteries. At the level of the 
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left renal artery tlie lumen of the aorta was completely obstructed by an or- 
ganized thrombus, with a soft, fresh extension into the superior mesenteric 
artery. The right renal artery was patent, the left renal artery partially oc- 
cluded. The thrombus continued into the common iliac arteries. The left iliac 
artery contained an old, white, organized thrombus, and the right iliac artery 
was obliterated by a more recent, red, fibrinous thrombus (Fig. 2). There was 
very little evidence of collateral circulation. 

The upper pole of the left kidney was scarred by a large infarct which showed 
various stages of healing. The right kidney was normal. 

The liver and spleen were grossly normal. 

There was no evidence of gangrene or necrosis of the intestines. 

Microscopic studj' of the thrombus at the level of the renal artery showed or- 
ganization and no evidence of recanalization. The endothelial lining of the aorta 
was destroyed; the clastic layers were reduplicated, as demonstrated by the 
Weigert stain. 



Fig. 2. — Two stages of thrombosis of abdominal aorta to the level of the renal arteries 

(Case 3). 

COMMENT 

It is interesting to compare the symptoms in these three eases with 
those in Rothstein’s series of seventy-two cases (Table I). It is sur- 
prising, in view of the high extent of the thrombus in all three cases, 
and the organization present at the high level in two of these, that 
abdominal symptoms were not more marked and that spinal cord and 
bladder symptoms were not present in any ease. The symptoms 


FRY: embolism and thrombosis of abdominal aorta bD 

in all three cases were caused by slowly decreasing blood supply. It is 
interesting to note that in two of the eases the abdominal aorta was 
found to be abnormal before death. This observation alone served to 
indicate the high extent of the lesions. 


Table I 


Symptomatology op 

PARED 


Occlusion of the Aorta in Rothstein’s* 72 Cases Com- 
With That in the 3 Cases Here Reported 


A. MANIFESTATIONS IN LOWER 
EXTERMITIES 

PER CENT 

1 

CASES 

2 

3 

1. Pain in legs 

44.4 

+ 

+ 

+ 

2. Loss of pulsation in arteries of lower 

40.3 

+ 

? 

4* 

extremities 





3. Cyanosis or discoloration of lower ex- 

22.2 

0 

0 

4* 

tremities 





4. Edema of lower extremities 

G.9 

+ 

0 

u 

5. Disturbances in sensation of lower ex- 

40.3 

+ 

+ 

+ 

tremities 





0. Disturbances of muscle power of lower 

39.0 

+ 

+ 

+ 

extremities 





7. Preceding embolic phenomena in periph- 

2.8 

0 

+ 

+ 

eral arteries of lower extremities 





8. Intermittent limping 

2.S 

+ 

+ 

+ 

9. Disturbances in circulation beginning in 

16.6 

+ 

+ 

+ 

one, and then in the other, extremity 





10. Evidences of gangrene in lower extrem- 

57.0 

0 

0 

+ 

ities 





a. Involving only the right lower ex- 

12.5 




tremity 





b. Involving only the left lower extrem- 

19.4 




it y 





c. One lower extremity (side not noted) 

1.4 




d. Involving both lower extremities 

23.7 



4- 

B. MANIFESTATIONS OF INVOLVEMENT 



CASES 


OF ABDOMINAL ORGANS 


1 

2 

3 

1. Pain in the abdomen 

11.1 * 

+ 

0 

+ 

2. Pain in the back 

5.5 

+ 

0 

+ 

3. Loss of pulsation of abdominal aorta 

6.9 

4- 

? 

+ 

4. Incontinence of urine 

6.9 

0 

0 

0 

5. Retention of urine 

2.8 

0 

0 

0 

(5. Incontinence of flatus 

4.2 

0 

0 

0 

7. Hemorrhage from anus and urethra 

S.3 

0 

0 

0 


Presence or absence of symptoms indicated by + or 0. 


The fundamental lesions in all of these cases were different, but all 
led to the same terminal condition in the aorta and iliac arteries. As 
is noticed from the description in the microscopic reports, the endothelial 
wall of the aorta around the thrombus was destroyed in all cases. It 
is impossible to differentiate primary infection of the arterial wall from 
nonspecific reaction in cases of complete obstruction of long duration. 
In Case 1, the congenitally bicuspid aortic valve with roughening and 
organized small vegetations may have been a nidus for small emboli. 
No doubt the cerebral signs in this case were embolic. The symptoma- 
tology and couise in this case were essentially that of progressive throm- 
bosis superimposed upon small emboli. The long duration of life was 
possible only because of the anomalously high origin of the right renal 
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artery. In the second case, a mural thrombus in the fibrillating left 
auricle was the source of emboli, again with progressive superimposed 
thrombosis. In the third case the etiology was atherosclerosis, and the 
case was somewhat similar to one reported by Rosenberg , 11 et al. The 
use of the Weigert elastic stain was helpful in demonstrating the re- 
duplication of the elastic fibers found in atherosclerosis. 

CONCLUSION 

Three eases of embolism and complete thrombosis of the abdominal 
aorta are reported ; the fundamental lesions were ctiologically different, 
but they all produced practically identical gross and microscopic 
changes in the aorta. The patients survived from one to five years 
after the onset of occlusive symptoms. Two of the three patients 
showed no evidence of gangrene in spite of the high level of the lesions. 

These cases are reported to demonstrate, in addition to the unusual 
and widespread lesions, the ability of the circulatory system to adapt 
itself to a gradually occluding process, and to emphasize the fact that 
extensive pathologic changes may occur in the large vessels of the body 
with only minor symptoms. 
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DISSECTING ANEURYSM OF THE AORTA 

Hobart Rogers, M.D. 

Oakland, Calif. 

A LTHOUGH a mechanism by which dissecting aneurysm of the aorta 
, m ay occur has been understood for more than 200 years, 1 the clin- 
ical diagnosis has, until recently, rarely been made. In 1856 the first 
account of a correct ante-mortem diagnosis was published by Swaine.~ 
In an extensive review of the literature in 1933, Shennan 1 accepted six 
ante-mortem diagnoses in 297 cases described. 1 have been able to find 
accounts of 24 additional cases 4 in which the ante-mortem diagnosis was 
anatomically demonstrated to be correct. This figure does not include 
the case of Keinbock and Weiss, 3 which seems convincing, but in which 
the diagnosis of the type of aneurysm rested solely on roentgenograpliic 
findings, nor does it include diagnoses unsupported by published details. 
The diagnosis has doubtless been correctly made in several instances 
which remain unreported. 

This marked increase in the number of cases recognized has not been 
due to the development of any new diagnostic test or procedure, but is 
attributable solely to the increasing familiarity of alert practitioners 
with the clinical features of the condition. These features usually in- 
clude a pre-existing hypertension. Syphilis is infrequently present. 
Most of the cases have occurred in males between forty and sixty years 
of age. The onset is usually sudden, often following some exertion or 
strain, with agonizing pain of a rending character, the location of which 
varies with the site of the aneurysm, but which characteristically exhibits 
a migratory tendency. It may begin anteriorly in the precordial region 
or in the epigastrium, pass to the neck or jaw, later to the back, the 
flanks, and the legs, or any of these areas may be involved. Radiation 
to the arms is less common than in myocardial infarction. The onset 
is also usually attended by pallor, perspiration, and prostration, and 
often by loss of consciousness. In some cases, however, pain is either 
absent or relatively insignificant. Once the aneurysm is formed, the 
symptoms are determined by the location and extent of the dissection. 
The typical features are well illustrated in the following three cases, 
in which the diagnosis was made during life; one of the patients sur- 
vived for the remarkably long period of twenty-seven months. 

Case 1 . A clergyman, 45 years of age, first came under my observation on March 
12, 1937, through the courtesy of Doctors A. M. Meads and Harold G. Trimble. At 
this time he was complaining of palpitation and shortness of breath of two weeks’ 
duration. He had had, also, for some time, fatigue and a feeling of weight behind 
the sternum and in the left shoulder region, but no pain. Peridental infection had 
been known to be present for a period of about two years. 

Received for publication Dec. 8, 1938. 
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the right side. Death, which occurred September -I, 10.'>7, was due to exhaustion and 
terminal bronchopneumonia. 

Post-mortem examination, by Dr. Paul Michael, disclosed a rent through the 
intinia, completely encircling the aorta, about an inch above the free margins of 
the aortic valve cusps. The valve was normal. The dissection had extended proxi- 
mally, forming a large aneurysm, covered only by adventitia and visceral pericardium, 
which projected backwards and to the right within the pericardial sac, compressing 
the right auricle. Dissection had occurred dipt ally around the aortic arch and 
posteriorly and slightly to the right, throughout the entire length of the descending 




thoracic and abdominal portions of the aorta, stopping at the bifurcation On tl„, 
rig it side the intercostal arteries from the third to the eleventh, inclusive were run 
rC ' ° Subeostal ;nul lumbur !irtc, ' ics were ruptured bilaterally. ’ The renal’ 
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arteries were considerably obstructed, especially tlie right. The teiminal portion of 
the aneurysm was filled with thrombus and bulged into the lumen of the aorta at 
the bifurcation in such a nay that the orifice of the right common iliac was almost 
completely obstructed and that of the left was markedly narrowed. The central 
nervous system was not examined. 

Comment . — Prom the day of the July attack, dissecting aneurysm 
of the aorta seemed to me the most plausible diagnosis. As the 
symptoms progressed this impression became a positive conviction. 
The development of the heart lesions was too rapid for a syphilitic 
process, and the fact that the serologic reactions were persistently nega- 
tive, even after iodide and bismuth treatment, was very much against 
such a diagnosis. To explain the neurologic changes as a result of sub- 
acute bacterial endocarditis would require the assumption that emboli 
had lodged in the lower lumbar and sacral segments of the cord, when 



Fig. 2. — (Case 1) Posterior view. The parietal pericardium has been removed. 
Note the relation of the intrapei icardial portion of the aneurysm to the right 
auricle. 


there was no evidence of embolism elsewhere. This possibility seemed 
too remote for serious consideration. The persistently negative blood 
cultures and the failure of the anemia to progress Avere also against 
this diagnosis. On the other hand, the formation of a dissecting aneu- 
rysm could readily explain the sudden occurrence of collapse, with the 
rapid development of signs of aortic insufficiency from deformity of the 
aortic valve ring, and of neurologic signs from interference with the 
blood supply of the spinal cord. Extension of the aneurysm into one or 
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both renal arteries, or compression of these arteries by the aneurysm, 
could account for the hematuria. Compression of the iliac, vessels could 
account for the circulatory impairment, in the legs. Failure to demon- 
strate roentgenologic evidence of aneurysm did not. militate against the 
diagnosis under the circumstances. Patients so acutely ill, in whom this 
diagnosis is being considered, often cannot be moved about with suffi- 
cient freedom to permit the utilization of all the refinements of radio- 
graphic technique required to visualize the structures involved. 

This case illustrates the fact that the highly characteristic pain oi 
dissecting aneurysm is not invariably present, even though the rent 
in the intima may be large and the aneurysm extensive. The ease was 
also atypical in that there was no evidence of antecedent hypertension. 
The sudden collapse, with the coincident development of heart murmurs, 
fever, leucocytosis, anemia, neurologic manifestations, circulatory 
changes in the legs, and, finally, hematuria, led to the diagnosis. Al- 
though the occurrence of neurologic changes in the legs has been pointed 
out by others, B their diagnostic significance has perhaps not, been suffi- 
ciently emphasized, and an explanation of the mechanism of their pro- 
duction may be of interest. The upper portion of the spinal cord re- 
ceives its blood supply from the subclavian arteries through the anterior 
and posterior spinal branches of the vertebral arteries. As the anterior 
and posterior spinal arteries course downward on flic pia mater of the 
spinal cord, they are supplemented by anastomotic branches from the 
spinal branches of the vertebral arteries, the dee]) cervical arteries, and 
the intercostal and lumbar arteries. The first two pairs of intercostal 
arteries arise from the superior intercostal branches of the subclavian 
arteries, but the remaining intercostal arteries and the lumbar arteries 
arise directly from the posterior aspect of the aorta. Since dissecting 
aneurysms usually pass down the posterior wall of the aorta, rupture of 
several pairs of the intercostal and lumbar arteries not infrequently oc- 
curs. In this way there may be sufficient interference with the blood 
supply to the lower cord to produce impairment of sensory and motor 
function of variable extent, and intensity. Because of the free anas- 
tomotic blood supply of the spinal cord, these changes will frequently 
be transitory. The occurrence of hematuria, or even anuria, as a 
result of extension of the aneurysm into the renal artery, has been 
previously described 7 and is readily understandable. When the intima 
ruptures but a short distance above the aortic valve, dissection proxi- 
mally is likely to deform the valve ring, giving rise 1o aortic insufficiency 
with its typical diastolic murmur and Corrigan pulse. Rupture of the 
aneurysm into the pericardial sac has frequently occurred at. a point, 
posteriorly and to the right, lateral to the right posterior cusp of the 
aortic valve. It was at this point, that, the large intranericardial aneurysm 
formed in this case. It, is likely that much of the dyspnea and evanosis 
in this case was due to compression of the right auricle by this aneurysm. 
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The post-mortem examination unfortunately gave no clue to the nature 
of the lesions of the aorta -which preceded the sudden collapse. That 
some such lesions existed is suggested by the complaint of precordial 
distress -which preceded the attack by several months, and by the 
fluoroscopic finding of enlargement and increased density of the ascend- 
ing portion of the aorta two months prior to the attack. The observa- 
tions of Krukenberg s and Tyson 9 that the initial lesion in many of . these 
cases is rupture of a vas vasorum and splitting of the walls of the aorta 
by the formation of a hematoma afford a possible explanation. The 
probability of the existence of such a mechanism is, however, purely a 
matter for speculation in the present instance. 

Case 2. — A retired postman, aged GS years, was seen in consultation with Dr. 
A. Lyle Winslow, on Nov. 19, 1937. This man was known to have had hypertension 
for several years, and albumin and casts had been found in the urine. He had 
been as well as usual, however, until about two weeks previously, when, in the morn- 
ing, after visiting the bathroom and starting to ascend the stairs, he was stricken 
with a severe agonizing pain which he said felt like knives turning and twisting 
about within his chest. The pain extended through to the back and into the epigastric 
region. It did not radiate to the arms. There was no dyspnea, although his breath- 
ing was somewhat restricted because of pain. He showed signs of shock, and large 
doses of morphine were required for relief of the pain. His blood pressure fell below 
100, systolic, and there was some irregularity of the heart’s action. Within the 
first day the pain subsided, but returned at intervals, though never so acutely. The 
blood pressure rose about to its previous level within a few days. Fever ranging to 
about 102° F. had been constantly present. An electrocardiogram, made three days 
following the attack, showed only left axis deviation, with none of the findings char- 
acteristic of coronary occlusion. 

Examination revealed a large man, well-preserved for his stated age, sitting up 
in bed and moving about actively. He was of the hypertonic personality type, 
obviously willful and difficult to control. His lips and mucous membranes appeared 
a little cyanotic, but he was not dyspneie. The pulse rate was 101 and the pulse was 
regular, the blood pressure measured 1G0/100 in both arms, and the temperature was 
101.0° F. The vessels of the extremities showed moderate sclerosis, but no beading. 
The pulsations were equal on both sides, somewhat diminished in the lower extremities 
but not out of proportion to the arteriosclerosis present. The head, neck, lungs, and 
abdomen were apparently normal. There was no peripheral edema. The heart did 
not seem appreciably enlarged to percussion, and the sounds were clear and distinct 
and of approximately normal quality. There was a faint, blowing, systolic murmur 
in the midprecordium, but no murmur could be heard along the spine. In the third 
week of the illness a second electrocardiogram was made which was not significantly 
different from the first. Fever and occasional mild retrosternal pain persisted until 
about six weeks after the onset, when death occurred suddenly. 

Post-mortem examination showed a rent in the intima almost completely encircling 
the aorta in the descending portion of the arch. Dissection had occurred proximally 
about three centimeters and distallv about eighteen centimeters. The terminal por- 
tion of the aneurysm was filled with organizing thrombus. The central portion 
had not thrombosed, and there was a large external rent through the adventitia 
and pleura into the left pleural cavity, which was filled with blood. 

Comment . — Although the occurrence of pain of this character in a per- 
son of the kind described is highly suggestive of coronary occlusion with 
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myocardial infarction, there were certain aspects of this case which did 
not fit well with such a diagnosis. The severity of the nutia s> "JP 0 ” 1 
and especially, the height and duration of the fever would indicate a 
lar-’e area of infarction. If such were present an electrocardiogram 
made three days following the occurrence of the attack should certain j 
show characteristic changes. We should also expect chs met changes 
in the heart sounds, possibly a pericardial friction, persistent lower m 0 
of the blood pressure, and a greater degree of prostration than was ex- 
hibited by this patient. A diagnosis of dissecting aneurysm of the aorta 
seemed to fit the observed facts more closely. This case illustrates what 
would appear to be the minimum findings upon which the existence oL 
a dissecting aneurysm could he surmised. The absence of electro- 
cardiographic signs of coronary occlusion was an important diagnostic 

feature. 



Fig. 3. — (Case 2) Intimal rupture at the isthmus, external rupture into the left pleural 

cavity. 


Case 3. — J. H. F., a man 43 years of age, was admitted to tlie Peralta Hospital 
on May 13, 1936, under tlie care of Dr. Charles F. Greenwood. I saw him in con- 
sultation on May 17. He had felt perfectly well previously, except that for about 
one week lie had had to urinate once at night, and for about one month had had 
slight occipital headaches which were attributed to a refractive error. At 12:30 
a.m., on May 13, he had, during sexual excitement, a sudden onset of gripping or 
constricting pain beneath the upper sternum which quickly passed downward through 
the chest and abdomen and, within a few minutes, to the back, apparently center- 
ing in the muscles along the spine, between tlie scapulae, and extending downward 
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into the lumbar region. In a half hour or so, a marked numbness of the left leg 
was noted, and with this an inability to move the left foot. The pain lessened 
for a short time, but within an hour became again very severe, so that one-half 
grain of morphine was required for relief. There was no headache or vomiting. 
The following morning, on his admittance to the hospital, the pain had abated 
somewhat. Vomiting had occurred twice, probably because of the morphine. Abdomi- 
nal .distention and rigidity, without tenderness, had developed. The left leg was per- 
haps not quite as warm as the right. The blood pressure was found to be 230/130. 
There was nothing else of note in the examination. During the next few days the 
distention was relieved with enemata. The numbness gradually disappeared from 
the left leg, passing off as a stocking is pulled off, but returned, for a while, the 
following day, in the left foot and lower third of the leg. Later, a ‘ ‘ scalded ’ ’ sen- 
sation was noted over the toes of the left foot, and also fairly severe cramplike 
pains in the anterior aspect of the left leg, with soreness in this region. On the 
morning of May 17 there was a localized area of acute tenderness in the midportion 
of the anterior surface of the left leg. 

There had been no headache, vomiting, or diarrhea. The blood pressure had re 
mained elevated despite the liberal use of nitrites. There had been a low-grade 
fever, not exceeding 100° F., and a leucocytosis of about 12,000, with 80 per cent 
polymorphonuclear cells. The urine was normal. The blood Wassermann and Kahn 
reactions were negative. There was radiographic evidence of a diffuse increase in 
the caliber and density of the aorta. 

His personal medical history included evidence of a susceptibility to respiratory 
infections in childhood, and of questionable chorea at the age of 9 years. There 
had been some indefinite gastric disturbance between the ages of 25 and 27, while 
he was in China. Pyorrhea had been present and adequately treated one and a 
half years previously. A detailed family history was not available, but there was 
apparently a familial tendency to hypertension. 

Examination at the time of the consultation, four days following the onset, 
revealed a well-developed and muscular man, apparently of his stated age, alert, co- 
operative, and not dyspneic or cyanotic or in obvious distress. The pupils reacted 
normally, the left being slightly irregular. The retinal arteries were somewhat 
constricted and definitely tortuous, particularly the secondary branches, but no 
hemorrhages or cotton-wool exudates were seen. The head and neck were otherwise 
normal. No abnormalities were found in the lungs or in the abdomen. The cardiac 
dullness was within normal limits. The action was forceful and regular, and the 
rate was a little rapid; a blowing systolic murmur of moderate intensity was heard 
at the apex. The blood pressure in the right arm was 19G/124, and in the left, 
220/140. The knee jerks were normal and equal, and no pathologic reflexes were 
obtained. The popliteal, dorsalis pedis and posterior tibial pulsations were not 
as strong in the left leg as in the right. He was unable to dorsiflex the left foot, 
to abduct it, or to extend the toes of this foot. The calf muscles and the extensors 
of the thigh were weak. The vibratory sense was normal. There was an area of 
anesthesia to touch, pain, and temperature covering the dorsum of the left great toe 
and the mesial half of the dorsum of the adjoining toe, extending upward upon 
the dorsum of the foot and converging to a point at about the level of the meta- 
tarsotarsal articulation. On the anterior surface of the middle portion of the left 
leg there was an area measuring about five centimeters transversely, by eight centi- 
meters axially, which was red, slightly elevated, and tender to touch and pressure. 
The actual area of hyperesthesia corresponded roughly in size, shape, and position to 
the reddened area, but was slightly smaller and a trifle lower. Concentric with this 
there was a larger area, measuring about S x 10 centimeters, which was anesthetic 
to temperature. The fever lasted but a few days. The neurologic signs subsided 
gradually over a period of about two weeks. A few days subsequently bleeding 
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from the left kidney appeared without obvious cause, although infection net 
developed, possibly as a result of instrumentation. After the subsidence of the 
hematuria and pyelitis the patient returned to work and remained m fair health 
except for his hypertension, which slowly progressed. A roentgenogram of Ins chest, 
made two years following the acute attack, showed a diffuse widening of the aortic 
shadow which was more marked than it had been previously. It did not, however, 
show a double outline and could not be distinguished from a dilatation resulting from 
hypertension and arteriosclerosis. 

* In July, 193S, lie began having some hematuria, and on a few occasions ex- 
pectorated ’a little blood. On Aug. 12, 1938, lie developed a severe headache and soon 
became unconscious. The spinal fluid was grossly bloody, and the clinical signs were 
those of subarachnoid hemorrhage. He died the following morning. 



Fig. 

onset show 
change. 


-(Case 3) Roentgenographic and kymographic studies two years following 
a broad aortic shadow indistinguishable from that caused by arteriosclerotic 


Post-mortem examination, by Dr. Paul Michael, showed an old, healed, dissecting 
aneurysm which began at the level of the orifice of the left subclavian artery. Below 
this point the aorta was double until just above the bifurcation, where the true aortic 
channel became obliterated. The aneurysmal channel was larger than the true 
channel and surrounded the latter on the left and posteriorly, becoming more an- 
terior in the abdominal portion. The lining of the aneurysm showed coarse longi- 
tudinal stnation and numerous atheromatous plaques, especially in the abdominal 
portion. Microscopic examination revealed no endothelial lining. As the aneurysm 
passed downward, it had ruptured all of the intercostal and lumbar arteries on the 
left and had penetrated the left renal, the superior mesenteric, and the right iliac 
artenes. The true aortic channel supplied the right intercostal and lumbar arteries 
and the right renal artery. There was a small communication between the two 
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channels just anterior to the orifice of the left renal artery. Just above the bifurca- 
tion the true aortic channel became obliterated, and the aneurysm constituted the 
entire vessel. Rupture had, lion ever, occurred into the left common iliac artery at 
its point of origin. The light common iliac was involved by the dissection as far 
as it was traced. 

Associated pathologic findings were hypertiophy of the left ventricle, pleuritis on 
the left side, and bilateial nephroselei osis. The central nervous system was not 
examined. 



Fig-. 5. — (Case 3) Intimal rupture at the isthmus, with double aortic channel. Ob- 
literation of aorta just above the bifurcation by approximation of its walls. Single 
left iliac channel not involved by aneurysm. Large aneurysmal channel, and small, 
appaiently functionless, true channel in light iliac artery. 


Comment . — At the onset it was obvious that the patient had essential 
hypertension and that a circulatory accident had occurred, the exact 
nature of which was far less obvious. The presence of a dissecting 
aneurysm was strongly suspected, but it was thought that the pain and 
neurologic signs might also be the result of myelomalacia. After tire ap- 
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pcarance of the hematuria it seemed that only a dissecting aneurysm 
could produce all of the phenomena observed in this case. There were 
no manifestations which were inconsistent with such a diagnosis. Most 
dissecting aneurysms occur in males between forty and sixty years of 
age. There is usually a preceding hypertension. The onset is typically 
sudden, with pain and collapse, followed, if death does not ensue immedi- 
ately, by fever and lcucocytosis. The “wandering ” 10 pain felt by this 
patient,' first anteriorly in the chest, then in the epigastrium, and later in 
the dorsal and lumbar regions, is characteristic of dissecting aneurysm 
involving the aortic arch and the descending aorta, although, as previ- 
ously mentioned, it is not invariably present. The neurologic manifesta- 
tions in the legs, which developed so quickly in this case, are of gi cat 
diagnostic importance in association with evidence of a vascular accident, 
within the chest. No such manifestations would be expected in con- 
nection with coronary occlusion, nor could the intense chest pain and 
collapse reasonably be ascribed to a primary spinal cord lesion. The 
absence of electrocardiographic evidence of myocardial infarction aim 
the fact that the spinal fluid was normal were entirely consistent with 
the diagnosis of dissecting aneurysm. The circulatory changes in the 
legs developed gradually and were not intense. The converse is usually 
true of obstruction from a riding embolus. The occurrence of hematuria, 
easily explainable as the result of extension of a dissecting aneurysm into 
the renal artery, was exceedingly difficult to relate to the previously 
observed symptoms and signs by any other hypothesis. There was also 
significance in the fact that the blood came from the left kidney, that the 
neurologic signs were found on the left side, and that the circulatory 
changes were more marked in the left leg. This would be expected, in 
accordance with the anatomic relations described above, if the dissecting 
aneurysm passed down the descending thoracic and abdominal aorta 
posteriorly and a little to the left, involving the left renal artery. The 
feature of this case which was least consistent with a diagnosis of dis- 
secting aneurysm was the recovery of the patient. Recovery may, how- 
ever, sometimes occur, as a result either of thrombosis within the cavity 
of the aneurysm and organization of the thrombus, or of a second rup- 
ture through the intima of the aorta at the distal termination of the 
aneurysm. In the latter type, which is statistically more frequent, a 
double aortic channel is formed. Tim aneurysmal channel may become 
endothelialized. This type of healing could be surmised to have' occurred 
in this case. The fairly rapid subsidence of the circulatory changes in 
the legs, and the absence of roentgenologic evidence of a double outline 
within the aortic shadow were more suggestive of re-entry of the 
aneurysm into the aorta than of healing by thrombosis. The extension 
of the aneurysm into the celiac axis and the superior mesenteric artery 
which was found at the post-mortem examination, was not predicted. 
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SUMMARY 

Reference to published accounts of thirty authentic cases of dissecting 
aneurysm of the aorta shows a rapid increase in the frequency with 
which the condition is being recognized. Three additional cases, in 
which the diagnosis was correctly made, illustrating the clinical features 
of the condition, are reported. One of these patients lived twenty-seven 
months after the acute attack. In this case it was possible to forecast 
the post-mortem finding of extension of the aneurysm into the left renal 
artery, and the presence of a double aortic channel. Since roentgenologic 
studies can only occasionally be of help in establishing the diagnosis, 
and the electrocardiogram is of value chiefly when it shows no signs 
of myocardial infarction, the chief reliance in diagnosis must be placed 
on clinical features. Patchy and bizarre neurologic changes in the legs, 
occurring as a result of circulatory deficiencies in the spinal cord from 
rupture of intercostal and lumbar arteries by a dissecting aneurysm, 
are of great diagnostic importance. Hematuria or anuria, in association 
with evidences of a circulatory accident within the chest, are also im- 
portant as indicative of involvement of one or both renal arteries by an 
aneurysm. Attention to the clinical features should enable the diagnosis 
to be made with still greater frequency. 
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CONGENITAL HEART DISEASE IN CHILDHOOD, WITH 
SPECIAL REFERENCE TO PROGNOSIS 

Rachel Ash, M.D., and Edward Harshaw, Jr., M.D. 

Philadelphia, Pa. 

WITHIN recent years the subject of congenital cardiac defects has 
aroused increasing- interest, inspired in great part by the efforts 
of Dr. Maude E. Abbott to clarify the differential diagnosis through 
the analysis of case reports and of pertinent clinical and laboratory 
studies. Under the stimulus of her interest, moreover, information 
concerning the incidence at autopsy of such congenital defects has 
been assembled from various hospitals in the United States and Canada 
(Table I). 1 

The present paper is based on an analysis of the records of all chil- 
dren with congenital cardiac defects admitted to the wards or cardiac 
clinic of the Children’s Hospital during the years 1922 to 1936, in- 
clusive. Since we were interested not only in the incidence of con- 
genital cardiac lesions but also in their prognostic significance, the 
effort was made during the first six months of 1938 to trace and bring 
back for examination all children not under current observation. 

During these fifteen years 230 children with a presumptive diagnosis 
of congenital defect were seen at the Children’s Hospital. In infancy 
the diagnosis was based on the existence of an intense murmur not 
associated with marked anemia. In older children a congenital lesion 
was suspected when a murmur was heard best at sites not character- 
istic of the acquired valvular lesions (Table II). In 36 cases (15.6 
per cent) a thrill was palpated. At all ages the diagnosis was fre- 
quently aided by the roentgenologic finding of cardiac enlargement 
or change in contour, or by abnormalities noted in the electrocardio- 
gram. Persistent cyanosis was present in 67 of the 217 children who 
were 2 years of age, or older; clubbing of the fingers was seen in 16 
cases. 

In one-half of the cases, the patients were first seen when they were 
infants (Table III). The existence of a cardiac defect was noted 
elsewhere during the first months of life in thirty children who later 
came under observation at the Children’s Hospital. The diagnosis 
of a congenital lesion was therefore made early in infancy in 64 per 
cent. 

In the total group of 230, 117 were boys (50.9 per cent) and 113 
girls (49.1 per cent). Fifty-one were negroes (22.2 per cent) and 
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and the Children’s Hospital. 

Read before the Philadelphia Pediatric Society, Jan. 10, 1939. 

Received for publication Dec. 14, 1938. 


80 



Table I 

Comparative Incidence of Coxoenitai, Cardiac Defects Found at Necropsy 
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Table II 


Sites at Which Murmurs Were Best Heard in 230 Cases of Congenital 

Cardiac Anomaly 


LOCATION OF MURMUR 

number of cases 

First and second left interspaces 

55 

Third left interspace 

27 

Below left clavicle and at fourth left in- 

50 

terspace 


Fourth interspace, left of sternum 

48 

First to third right interspaces 

3 

Diffuse precordial, no localization 

32 

No murmur 

15 


Table III 


Age When First Seen in 230 Cases of Congenital Cardiac Anomaly 


AGE in years 

NUMBER OF CASES 

Under 1 

117 

1 

30 

2-4 

35 

5-9 

30 

10-12 

i 18 


179 white (77.8 per cent) . Information concerning 189 (80.2 per cent) 
was obtained in 1938 (Table IV). Of the 41 children who could not 
be located, 28 had attained the age of at least 2 years when they were 
last seen, so that the course in the first Iwo years is known in 217 
instances, or 94.3 per cent of the group (Tables V and VI). 


Table IV 

Prognosis in 230 Cases of Congenital Cardiac Defect 




1 



1 

LIVING PATIENTS, AGED 2 


TOTAL 

PATIENTS TRACED ' 

! DEATHS 

OR MORE; FUNCTIONAL 

FIRST 

ADMISSION 

NO. 




1 

CLASSIFICATION* 

PATIENTS 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

1 

na 

nb 

Wards 

131 

112 

85.5 

SG 

GG.5 

23 

6 


Clinic 

99 

77 

77.7 

16 

20.S 

GG 

9 


Total group 

230 

1S9 

82.2 

102 

53.9 

S9 

15 



*The functional classification is based on the “Criteria” of the American Heart As- 
sociation. I indicates physical activity not limited ; Ha, activity slightly limited ; 
lib, activity greatly limited. All individuals in Class lib and 5 in Class Ila were 
cyanotic. Two individuals in Class Ila and 6 in Class I had suffered transient attacks 
of cyanosis in infancy. 


Table V 

Age of Living Patients When Last Seen 


AGE IN YEARS 

1 BORN SINCE 1922 

| BORN BEFORE 1922 

TOTAL 

NO. 

PER CENT 

NO. 

PER CENT 

NO. 

PER CENT 


■Bil 

23.8 

5 

16.1 

25 

21.7 


26 


4 

12.9 

30 

26.1 


26 1 


5 

16.1 

31 

26.9 


12 

f 14.4 

17 

54.9 

29 

25.3 

Total 

84 


31 


115 
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Table YI 
Age at Death 


AGE IX YEARS 

i CYANOTIC* 

; NON CYA N OTIC 

! TOTAL 

NO. 

PER CENT 

NO. 

PER CENT j 

NO. 

| PER CENT 

Under G/12 

35 

50.0 

s 

MfiSgaM 

•13 


G/12-1 

20 

2S.G 

12 


32 

l EM9 1 

24 

5 

7.1 

S 


13 

1 

5-9 

0 

S.G 

o 

G.25 

S 

■ 

10-19 

4 

5.7 

o 

0.25 

0 

■ 

Total 

TO 

100.0 

32 

100.0 

— 

| 100.0 


•Includes all types of cyanosis: 17, persistent; 3, recurrent; 16 terminal. 


DEATHS 

The total number of deaths was 102 (53.!) per cent of those traced 
in 1938, and 47 per cent of those who were 2 years of age, or older, 
when they were last examined). Half of the deaths occurred among 
boys and half among girls. In 20 per cent of the cases the children 
were negroes. 

Eighty-four per cent of all deaths occurred among the children who 
had been seen first in the wards. The majority of these, when first 
seen, had presented symptoms of serious illness. Eighteen patients 
were moribund on admission. Sixteen per cent: of the deaths occurred 
among the patients who came originally to the cardiac clinic. In many 
of these the lesion had been discovered accidentally during routine 
examination. Eighty per cent of the children first seen in the clinic 
had never required hospitalization, if admissions for tonsillectomy 
were excluded. 

The death rate on the wards had been 70.6 per cent for infants be- 
low the age of one year. Of the 72 children who had been admitted 
as babies, 91.6 per cent were dead in 1938. Of the 42 infants who 
had originally come under observation in the cardiac clinic, one- 
third had died. Among the 94 children who had reached school age, 
the incidence of deaths was 11 per cent. 

Seventy-three per cent of the deaths had occurred within the first 
year of life, and 78 per cent within the first two years (Table VI). 
In Baltimore, 111 75 per cent of the deaths in children with congenital 
cardiac anomalies took place within the first year. Half of the deaths 
in Irvine- Jones’ series 2 occurred below the age of six months. 

Deaths Among Individuals Born Since 1922 . — Since the majority of 
deaths had occurred in the first 2 years of life, the inclusion of indi- 
viduals born prior to 1922, who had come under observation after 
safely weathering the period of infancy, would tend to lower the 
death rate artificially. We have, therefore, made a separate analysis 
of those born during the years 1922-1936, comprising 191 children, 
93,7 per cent of whom had been followed at least until their second 
birthday (Table VII). There were 95 deaths (53 per cent). 
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Table VII 

Prognosis According to Age (Individuals Born Since 1922) 


AGE j 

YR. 

1 NO. OF 
CASES 

NUMBER 

TRACED 

; DEATHS I 

DEATHS 

NO. 

PER 

CENT 

CYANOTIC 

GROUP* 

PER CENT 

NONCYANOTIC 
PER CENT 

l 

mm mm 

1S3 

59 



24.8 

2 


17S 

79 

■im 


32.6 

5 

Bia 

13S 

6S 

■m 


36.4 

10 

■eX 

SI 

37 

| 45.7 

1 73.7 

37.1 


*In the cyanotic group -were placed only individuals with continuous cyanosis or 
persistent recurrent attacks. Individuals with transient cyanosis early in life, or 
those who presented terminal cyanosis were considered noncyanotic. 


Cause of Death . — In slightly over one-half of the eases (52.9 per 
cent) the final illness was of infections origin. Pneumonia headed 
the list of infections, causing 39 per cent of the deaths. Bacterial 
endocarditis was the terminal event in only two eases. Three deaths 
were due to each of the following: acute meningitis, septicemia, tuber- 
culosis, and acute gastroenteritis. In one-third of the deaths circu- 
latory inadequacy was a prominent feature. There were two instances 
of sudden death without preceding symptoms. The first occurred in 
an infant with heart block; the second, in a nine-year-old girl with 
aortic stenosis (diagnosis proved by necropsy) who fell dead follow- 
ing a blow over the precordial region received in a childish quarrel. 

Of the 38 patients who came to necropsy, there were 10 children in 
whom no cause of death could be found other than circulatory failure. 
All were cyanotic. Of 17 patients belonging to the acyanotic, or late 
cyanotic, groups, according to Dr. Abbott's classification, 3 15, or 88.2 
per cent, died of infection, and 1, or 6 per cent, of circulatory failure. 
A previously mentioned child with aortic stenosis died suddenly. Of 
21 patients belonging to the cyanotic group, 57 per cent died of infec- 
tion and 43 per cent as a result of the cardiac defect itself. 

INFLUENCE OF CYANOSIS ON PROGNOSIS 

Fifty -six per cent of the children — 80 per cent of the living indi- 
viduals and 30 per cent of those that had died (Table Till) — had 
never been cyanotic. The death rate of the cyanotic infants during 
the first year of life was twice that of the noncyanotic, and rose pro- 
gressively with age as the children gradually succumbed to infection 
or circulatory failure (Fig. 1). After the second year of life thexe 
was a marked drop in deaths among the noncyanotic individuals. 
Among 94 children who had attained the age of six years, or over, 
13 were cyanotic. Eighty per cent of these cyanotic school children 
were dead at the end of the period of observation, whereas only 5 
per cent of the noncyanotic school children had died. 

The prospect for the cyanotic victims of congenital cardiac defects 
is not very hopeful. In the present series, of 16 individuals with 
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persistent cyanosis who readied the age of 5 years, 10 were leading 
lives of greatly restricted activity. Of the 7 who reached the age of 
10 years, 4 were cardiac cripples. Four children lived past their 
fifteenth birthday. One has since died; two have always been in- 
capable of much exertion. 


Table VIII 


Incidence of Cvanosis in 217 Individuals Two Years of Age, or. Older 



BORN SINCE 11)22 ' 

born before 1922 




LIVING ; 

DEAD | 

LIVING 

i DEAD 



NO. 


NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

No cvanosis 

60 

m 

2!) 

«ixa 

mm 

80. S 

i 

14.3 

121 

55. S 

Persistent 

10 

mm 

47 


fed 

19.2 

4 

57.1 

07 


Recurrent in 

8 

9.G 

n 

O 


0 

0.0 

1 

14.3 

12 

5.5 

early life 
Terminal 


0.0 

10 

10.S 

0 

0.0 

1 

14.3 

17 

7.S 

Total 

1 s-t 

100.0 

05 

100.0 

m 

100.0 

7 

100.0 

217 



In an occasional instance, however, the outlook is by no means 
hopeless. There was the talented musician with the tetralogy of 
Fallot who died in his sixtieth year; 4 the woman, 62 years of age, 
working as a librarian, without complaints other than of cyanosis;'' 1 
and the cyanotic laborer who lived to his forty-first year, dying not 
of any cardiac disturbance, but of uremia due to chronic glomerulo- 
nephritis. 0 



. S’; t; — Percentage of deaths among children with congenital cardiac anomalies 

, rin F, tlie years 1922 to 1930. The dash line indicates the noncyanotic in- 
inm ■ i f th ? crosses, the cyanotic individuals ; the solid line, the total group. Only 
lnuivmuals with continuous cyanosis or persistent recurrent attacks were placed in the 
nr» t i eroup ' Individuals with transient cyanosis in early life or those who 
Thp w % cyanosis as a terminal phenomenon were placed in the noncyanotic group. 
deatlis UmberS at the bottom represent age in years, those at the side, percentage of 


Cyanotic women have given birth to normal children. 7 Snelling s 
mentions the case of a man, 54 years of age, cyanotic from birth, as 
were his mother and grandmother, himself the father of three children, 
two of whom were cyanotic because of congenital heart disease. 
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Tile oldest cyanotic individual in the present series is a boy, 21 years 
of age, intelligent and with many interests, attending a technical 
school to which he had been granted a scholarship. Six years ago, 
this boy’s erythrocyte count was 9,000,000, and his hemoglobin 150 
per cent, which would seem to controvert the statement of Vaquez 
and Quiserue, quoted by Abbott, 9 that a count above 6,000,000 is 
always of grave prognostic import. In our group of living cyanotic 
children the average of 20 erythrocyte counts was 7,390,000, the aver- 
age hemoglobin was 118 per cent, the maximum erythrocyte count 

11.180.000, and the maximum hemoglobin 165 per cent. Of the cyanotic 
individuals that died, the average of 25 erythrocyte counts was 

5.380.000, the average hemoglobin was 90 per cent, the maximum eryth- 
rocyte couut 7,820,000. and the maximum hemoglobin 128 per cent. 

Cyanosis preceded the appearance of clubbing by varying intervals 
of time. Clubbing of the fingers occurred in 16 individuals, the 
youngest being 4 months of age. In two cyanotic children, aged 10 
and 16 years, respectively, the fingers were not clubbed. 

OTHER ASSOCIATED ANOMALIES 

Mental Deficiency . — Eighteen children (7.8 per cent) were Mongolian 
idiots. Three children were micioeephalic. Two others were inmates 
of institutions for the feeble-minded. Eight children, enrolled in the 
public schools, had been placed in “orthogenic backward” classes 
maintained for pupils with intelligence too low to enable them to keep 
up with the regular curriculum. Iu addition, three children below 
school age were mentally retarded. There were, thus, 34 children 
(14.5 per cent) with retarded mental development. The question may 
be raised whether such mental deficiency is due to a primary cerebral 
defect or is secondary to inadequate cerebral circulation. There is 
little doubt of the congenital origin of the cerebral abnormalities in 
Mongolian idiocy and in microcephaly. The most plausible assump- 
tion would be that in the remaining 13 children some form of cerebral 
aplasia was present. 

Eighteen individuals presented associated defects other than cere- 
bral maldevelopment. One of these, in addition, was microceplialie, 
and three were Mongolian idiots. In all, including the Mongolian 
idiots and microcephalies, there were 35 cases of associated congenital 
defect (10.9 per cent). 

CLINICAL ASPECTS 

Infants with congenital cardiac defects tend to be slow to gain 
weight and delayed in growth. Malnutrition of a degree sufficient 
to be noted in the clinical records was present in 69 children (30 per 
cent) of the present group. The marasmus of many of the infants 
admitted to the wards undoubtedly helped bring about the high mor- 
tality rate. In later life these children may remain dwarfed and of 
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fragile build. In some individuals, however, a spurt of growth occurs 
as puberty is reached. 

Mental deficiency is a not infrequent occurrence, particularly among 
the noncyanotic individuals. 

In infancy and early childhood, increased susceptibility to infec- 
tions, especially respiratory, is common. Pneumonia, although a fre- 
quent cause of death, is not invariably fatal. It is known that 23 of 
our children (one cyanotic) survived attacks of pneumonia. Several 
individuals suffered repeated illnesses in early life, associated with 
signs of pulmonary involvement. Since there was a high incidence 
of lipoid pneumonia among the patients examined post mortem, it is 
possible that some of these children with long-continued pneumonia 
in early childhood had recovered from lipoid pneumonia. No death 
occurred from any of the infectious diseases common to childhood, 
including pertussis in 11 cases. Eight children had suffered from 
rheumatic infection. 

Operative procedures were well borne, including 33 tonsillectomies 
and adenoidectomies (two in cyanotic individuals), one splenectomy, 
one mastoidectomy, one herniorrhaphy, and one open reduction for 
subluxation of the elbow. Death due to peritonitis followed laparot- 
omy in a ease of appendiceal abscess. In a marasmic infant, anoplasty 
for imperforate anus with rectovaginal fistula was followed by death 
from septicemia. 

There are many instances of longevity among noncyanotic individ- 
uals with congenital cardiac defects, but, on the whole, the prognosis 
is poor for the cyanotic individual. However, since a few of them 
have lived long and useful lives, it is unfair to assume a hopeless 
prognosis in any child who has survived infancy. Cyanotic children 
should not be deprived of schooling. 

Whether cyanosis is present or absent, there is no indication for 
exercise restriction beyond the limiting capacity of the heart itself. 
Children with congenital lesions are more fortunate than their rheu- 
matic brothers and sisters in that they do not have the additional 
handicap of continued systemic and myocardial infection. In spite of 
startling murmurs and cardiac enlargement, the functional capacity 
is often normal (Table IV). 

SUMMARY 

A review has been made of 230 records of children with congenital 
cardiac defects seen at the Children’s Hospital during the years 1922 
to 1936. Information concerning 80 per cent of this group Vas ob- 
tained in 1938. One hundred two children had died, 73 per cent of 
the deaths occurring within the first year of life. The death rate 
among infants with symptoms serious enough to warrant admission 
to the hospital was as high as 70 per cent. One-tliird of the infants 
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wlio came originally under observation in tlie cardiac clinic liad died 
during the period of observation. Of 94 school children, 11 per cent 
had died. The mortality rate observed among groups of children 
with congenital cardiac defects will thus be greatly influenced by the 
selection of patients. Impressions derived from experience with school 
children will be unduly optimistic. 

The death rate of cyanotic infants was twice that of noneyanotic, 
and continued to rise progressively with age, whereas that of non- 
cyanotie individuals tended to show only a slow increase after the 
second year of life. 

One-half of all deaths were due to infection, with pneumonia head- 
ing the list. Among the patients that came to necropsy, 90 per cent 
of those with lesions of the acyanotie and delayed cyanotic type had 
died of infection, whereas 40 per cent of individuals with lesions of 
the cyanotic type had died of the cardiac defect itself. 

We wish to acknowledge our indebtedness to Dr. Arthur D. Waltz and Dr. Irving 
J. Wolman for the privilege of reviewing the post-mortem records; and to Miss 
Hilda Smith and Miss Letitia Scott, without whose aid many of these children 
could not have been traced. 
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COMPARATIVE EFFECTS OF AMPHETAMINE SULFATE 
(BENZEDRINE SULFATE ), PAREDRINE, AND PROPADRINE 
ON THE BLOOD PRESSURE 


Julius Lomax, M.D., Max Rixkel, M.D., 

AXD ABRAHAM MyERSOX, M.D. 

Bostox, HLass. 


O NE of the characteristic actions of benzedrine sulfate (phcnvliso- 
propylamine or amphetamine suliate), a sympathomimetic amine, 
is to increase the blood pressure for a comparatively long peiiod oi 
time. For this purpose other closely related amines may prove to be 
as effective as, or more effective than, benzedrine sulfate. In this 
study, two other amines, paredrine (B-para hydroxy phenyl isopropyla- 
mine) and propadrine (phenylpropanolamine hydrochloride), are com- 
pared to benzedrine sulfate in respect to their action on the blood 
pressure and pulse rate. 

Paredrine, like benzedrine, has been noted by Allcs 1 to be the most 
intensely active of the amines which show any appreciable degree of 
activity when given by mouth. Unlike benzedrine, however, its action 
appears to be confined practically entirely to the peripheral sympa- 
thetic mechanisms. The only previous clinical study of this drug was 
carried out by Abbott and Henry,- who found that the drug is one- 
fiftietli as potent as epinephrine, if given subcutaneously, and about 
twice as potent as ephedrine when given by mouth. With oral admin- 
istration, in doses of 10 to 40 mg., these authors noted a rise in 
systolic blood pressure ranging from 24 to 100 mm. Ilg. When given 
subcutaneously in doses of 10 and 40 mg., a rise in systolic blood 
pressure of 20 to 96 mm. Hg was observed. There was noted regu- 
larly a diminution in pulse rate with the rise in blood pressure. No 
definite central effects occurred following administration of the drug. 
The following symptoms were occasionally noted: palpitation, con- 
striction across the chest, sweating, and mild headache. 

Very little work has been done clinically Avitli propadrine. It has 
been used in the treatment of allergic manifestations by Black -' 1 and 
by Boyer . 4 Chen and his co-Avorkers r * administered the drug orally 
in 50 mg. doses to tAvo individuals and noted rises of 16 and SO mm. 
Hg, respectively, in the systolic blood pressure. We are unable to 
find any clinical observations Avhicli have been made folloAving the 
.intravenous administration of either paredrine or propadrine. 


From the Division of Psychiatric Research, Boston State Hosnitnl 
by grants from the Commonwealth of Massachusetts and the Roekcfelle' 
Received for publication Dec. 15, 1938. . 
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In a recent unpublished study 6 we observed that paredrine and 
propadrine, in contrast to benzedrine, have little central stimulating 
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Fig. 1. — Effect of lienzedrine sulfate on the narcosis induced by sodium amytal.* The 
patient awoke within two minutes after the end of the injection of benzedrine. 



Fig. 2. — Typical effect of the administration of paredrine following administration 
of sodium amytal. The paredrine had no influence on the narcosis even though the 
blood pressure rose to a very high level following the paredrine injection. 


All drugs injected intravenously. 



LOMAN ET AL. : AMPHETAMINE SEEP ATE, PAREDRINE AND PROPADRlNli 91 

action, as indicated by tlieir effects on the narcosis produced by sodium 
amytal (Figs. 1, 2, and 3). The counteracting effect of benzedrine 
on the narcosis of sodium amytal has also been noted by Reifenstem 
and Davidoff. 7 

A group of subjects mere given intravenous injections of benzedrine 
in doses of 20 mg., paredrine in doses varying from 5 to 20 mg., and 
propadrine in doses varying from 20 to 50 mg. 

Effect of Benzedrine (Ten Subjects, Table I).— Within two to four- 
teen minutes following intravenous injections of 20 mg. of benzedrine, 
the blood pressure reached its maximum, the increase varying from 
30 to 56 mm. Hg. After reaching its peak, it gradually fell to its 
original level in 40 to 94 minutes. The pulse rate during the increase 
in blood pressure either remained essentially unchanged or slowed. 
The greatest diminution in pulse rate was 20 beats per minute. In 
none of the cases was any change in cardiac rhythm noted. 



Effect of Paredrine (Ten Subjects, Table II).— Three of the ten 
subjects were given 20 mg. of paredrine intravenously. Because the 
systolic blood pressure rise was very great in these cases, namely, 56, 
0 , and 118 mm. Hg, respectively, smaller doses, varying from 5 to 

~ii e 7 l0yed iU the ° tLer cases - With these doses the rise 
m systolic blood pressure varied from 28 mm. to 88 mm. Ho, The 

b 00 J P1 ' eSSUre reached a in two to twelve minutes “return 

"* *° ,tS » ‘"-V ‘0 seventy In "es 
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tlie pulse rate became slower, the greatest change coinciding with the 
maximum blood pressure reading. The slowing of pulse rate varied 
from 4 to 32 beats per minute. In the tenth case a rise of 6 beats per 
minute occurred. No cardiac arrhythmias were noted in any ease. - 


Table I 


Effect of Intravenous Administration of Benzedrine Sulfate on Blood 

Pressure and Pulse Bate 


CASE 

DOSE 

MG. 

I CONTROL period 

| HEIGHT OF REACTION 

TIME 

(MINUTES) 

blood 

PRESSURE 

PULSE 

RATE 

BLOOD 

PRESSURE 

PULSE 

RATE 

A. F. 

20 


60 

150/84 

60 

60 

E. B. 

20 

1 116/74 

60 

152/84 

60 

60 

J. F. 

20 


74 

180/110 

68 

40 

N. K. 

20 


76 

194/110 

58 

54 

B. C. 

20 

116/70 

70 

14S/70 

6S 

66 

E. F. 

20 

110/70 

76 

166/96 

66 

94 

E. F. 

20 

118/70 

76 

148/96 

74 

l 74 

E. J. 

20 

120/S0 

SO 

160/90 

72 

80 

E. H. 

20 

130/70 

ss 

178/100 

68 

70 

E.K. 

, 20 - 

146/100 

6S 

190/110 

54 

62 


Table II 

Effect of Intravenous Administration of Paredrine on' Blood Pressure and 

Pulse Bate 


CASE 

DOSE 

JIG. 

CONTROL PERIOD 

HEIGHT OF REACTION 

TIJIE 

(MINUTES) 

BLOOD 

PRESSURE 

PULSE 

RATE 

BLOOD 

PRESSURE 

PULSE 

RATE 

M. W. 

10 


SS 

172/100 

56 

58 

T.F. 

10 

130/6S 

92 

174/100 

60 

45 

J. V. 

20 

114/60 

92 

170/80 

60 

3S 

E.F. 

7.5 

100/44 

48 

160/100 

40 

70 

E.B. 

15 

100/82 

64 

198/100 

52 

35 

E. F. 

15 

100/60 

44 

170/105 

50 

65 

T. F. 

20 

118/68 

72 

220/90 

52 

70 

A. F. 

5 

92/66 

72 

120/76 

64 

20 

M. B. 

15* 

116/60 

68 

136/66 

60 

70 

J.V. 

20* 

100/60 

SO 

21S/70 

76 

62 


*By intramuscular route. 


Effect of Propaclrine (Twelve Subjects, Table III). — Eight of these 
subjects received 50 mg., and the other four, doses varying from 20 to 
25 mg. The rise in systolic blood pressure in those receiving the larger 
doses varied between 44 and 82 mm. Hg. In three subjects who re- 
ceived the smaller dose, a rise in blood pressure of 16, 16, and 28 mm. 
Hg, respectively, occurred. In the last case no change in blood pres- 
sure occurred. The blood pressure reached its maximum one to seven 
min utes following the injections, and gradually fell to original levels 
in thirty to ninety-five minutes. The pulse diminished in rate in every 
case, the decrease ranging from 16 to 36 beats per minute. There was 
no disturbance in cardiac rhythm in any ease. 
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Table III 


Effect of intravenous Administration of Proramunk ox Blood Pressure and 

Pulse Kate 


CASE 

DOSE 

MG. 

control rEF.ion 

HEIGHT Of K 

action 

TIME 

(MINUTES) 

J1I.00 1) 
ruESSUKE 

DULSE 

RATE 

lll.OOl) 

DKESSURE 

1'1'LSE 

RATE 

M.B. 

50 

112/70 

OS 

104/102 

42 

76 

J. H. 

50 

110/02 

ss 

174/100 

00 

so 

A. Me N. 

50 

04/02 

84 

100/300 

4S 

00 

T.F. 

50 

1 08/00 

50 

174/00 

30 

05 

E.B. 

50 

110/S2 

04 

100/100 

44 

00 

J. V. 

50 

100/00 

02 

150/80 

72 

40 

J. V. 

25 


SS 

130/St 

72 

30 

M. W. 

50 

334/SC 

02 

200/110 

50 

82 

It. C. 

•25 

310/04 

OS 

140/S0 

52 

40 

M.B. 

50 

110/5S 

04 

1SS/104 

4S 

02 

M. W. 

20 

120/7S 

00 

120/S0 

02 

- 

M.B. 

20 


so 

148/82 

04 

0 


SUMMARY AND CONCLUSION'S 

Benzedrine, pared rine, and propadrine have marked and rapid blood- 
pressure-raising effects when given intravenously. Pavodrine is the 
most effective. Propadrine is less effective than benzedrine, doses of 
50 mg. of the former drug being approximately comparable to 20 mg. 
ot the latter. "With none o l the three drugs is there any disturbance 
m cardiac rhythm. Slowing in pulse rate usually occurs with the 
increase in blood pressure. 

For clinical use in conditions in which rapid and prolonged blood- 
pressure-raising effects are indicated, any of the three amines may he 
chosen. The doses recommended are: for benzedrine, 20 to 30 mg.; 
for paredrme, 10 to 15 mg.; and for propadrine, 50 mg. Since ben- 
zedrine has a central stimulating effect, paredrinc and propadrine 
may be preferable in certain instances. 
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A NEW PRECORDIAL ELECTRODE 

Harry E. Ungerleider, M.D.* 

New York, N. Y. 

W ITH the advent of the precordial electrode, many physicians have 
felt that the use of the ordinary type of silver electrode necessi- 
tated having the patient, or someone else, hold the electrode in place. 
As this is not always convenient, a precordial lead was devised with a 
suction cup to hold the electrode in place, f This simple device consists 
of a cup made of plastic material, through which an electrode of German 



silver wire protrudes. Attached to this cup is a rubber bulb which is 
used to create suction sufficient to hold the electrode on the precordium, 
thus obviating the need of a nurse or the cooperation of the patient. 


♦Assistant Medical Director, Equitable Life Assurance Society. 

tManufactured by the Ameiican Medical Specialties Co., Inc., 131 East 23rd Street, 
New York, N. Y. 

Received for publication Dec. 31, 1938. 
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Special Article 


STANDARDIZATION OF BLOOD PRESSURE READINGS 

Joint Recommendations of the American Heart Association and the 
Cardiac Society of Great Britain and Ireland 


INTRODUCTION 


T T HAS long been realized by thoughtful teachers and practitioners of 
1 medicine that the wide variations noted in blood pressure 4 recoids 
of the same individual were due not only to changes in the pressure from 
time to time under different conditions, but also to differences in the 
methods and interpretations used by the observers. A recent survey! 
revealed a serious lack of agreement among physicians as to the correct 
technique for measuring the blood pressure and interpreting the results 
obtained. Equally confusing was the situation among insurance com- 
panies as to what they should require of their examiners in this regard. 
Experiments with multi-aural stethoscopes demonstrated that recent 
years have brought little, if any, improvement in this situation, since the 
disagreement among the recently qualified was as great as that among 
attending physicians, and the range of error was too large among all 
groups tested. The Committees for the standardization of methods of 
making blood pressure readings appointed by the American Heart As- 
sociation and by the Cardiac Society of Great Britain and Ireland have 
attempted to secure a crystallization of the best available thought on 
this subject. 

The joint committees were asked, if feasible, to make recommendations 
which might be accepted as constituting standards for practicing phy- 
sicians, medical teachers, insurance carriers, and all others interested in 
this problem. After a careful study of material available from many 
sources, the Committees of the American Heart Association and of the 
Cardiac Society of Great Britain and Ireland jointly recommend the 
following procedure as the standard method for taking and recording 
blood pressure readings in man. 


STANDARDIZATION OF BLOOD PRESSURE DETERMINATIONS 

Recommendations of the Committees for the Standardization of Blood 

Pressure Determinations 


1. Blood Pressure Equipment . — The blood pressure equipment to be 
used, w hether mercurial or aneroid, should be in good condition and 


tiorf of LlfHSurinceMed^ Diratow ofSta£ Ve bee " apprOVed bj ‘ the Associ *- 


•“Blood pressure,” by common usage 
reason is so used throughout this report. 

t Wright, I. S., Schneider, R. F., and Ungerleider H 
Pressure Readings. Am. Heart Jour. 1G: 469, 193s/ 


signifies arterial pressure, and for that 
Factors of Error in Blood 
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calibrated at yearly intervals — more often if defects are suspected. 
(Mercurial preferred — British Committee.) 

2. The Patient. — The patient should be comfortably seated (or lying — 
British Committee), with the arms slightly flexed and the whole forearm 
supported at heart level on a smooth surface. If readings are taken in 
any other position, a notation of that fact should be made. The patient 
should be allowed time to recover from any recent exercise or excite- 
ment. There should be no constriction of the arm by clothes, etc. 

3. Position and Method of Application of the Cuff. — A standard-sized 
cuff containing a rubber bag 12 to 13 cm. in width should be used. A 
completely deflated cuff should be applied snugly and evenly around 
the arm with the lower edge about 1 inch above the antecubital space 
and with the rubber bag applied over the inner aspect of the arm. The 
cuff should be of such a type and applied in such a manner that inflation 
causes neither bulging nor displacement. 

4. Significance of Palpatory and Auscultatory Levels. — In all cases 
palpation should be used as a check on auscultatory readings. The 
pressure in the cuff should be quickly increased in steps of 10 mm. Hg 
until the radial pulse disappears, and then allowed to fall rapidly. If 
the radial pulse returns at a higher level than that at which the first 
sound is heard, the palpatory reading should be accepted as the systolic 
pressure; otherwise the auscultatory reading should be accepted. 

5. Position and Method of Application of Stethoscope. — The stetho- 
scope should be placed over the previously palpated brachial artery 
in the antecubital space, not in contact with the cuff. No opening should 
exist between the lip of the stethoscope and the skin ; this should be ac- 
complished with the minimum pressure possible. The hand may be 
pronated or supinated, depending on which position yields the clearest 
brachial pulse sounds. 

6. Determination of the Systolic Pressure. — The cuff should be rapidly 
inflated to a pressure about 30 mm. above the level at which the radial 
pulse can be palpated. The cuff should then be deflated at a rate of 2 
to 3 mm. Hg per second. The level at which the first sound regularly 
appears should be considered the systolic pressure, unless, as pointed out 
above, the palpatory level is higher, in which event the palpatory level 
should be accepted. This should be noted. 

7. Determination of the Diastolic Pressure and the Pulse Pressure . — 
With continued deflation of the cuff, the point at which the sounds sud- 
denly become dull and muffled should be known as the diastolic pressure. 
If there is a difference between that point and the level at which the 
sounds completely disappear, the American Committee recommends that 
the latter reading should be regarded also as the diastolic pressure. This 
should then be recorded in the following form : RT 5 '" (or LTt ) 140/80-70, 


*RT = right arm. 
tLT = left arm. 
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or 140/70-0. If these two levels are identical the blood pressure should be 
recorded as follows: 140/70-70.. The cuff should be completely deflated 
before any further determinations are made. 

The British Committee believes that except in aortic regurgitation it 
is nearly always possible to decide the point at which the change comes, 
and that this is the only reading which should be recorded. 


EXPLANATORY COMMENTS 


In addition to the above specific recommendations, the Committees be- 
lieve that certain other factors should be taken into consideration by 


the physician who makes blood pressure determinations. 

The relative merits of various types of sphygmomanometers have 
been the subject of numerous reports. In the opinion of the joint Com- 
mittees, mercurial and aneroid types of apparatus are capable of cor- 
rect readings if they are in good condition, and both types of equipment 
may produce inaccurate findings if not in good condition. This factor 
is often overlooked in the case of the mercury manometer, which should 
be checked at intervals as to the following points : 

1. The level of the mercury at rest should be exactly at the zero mark. 
If some of the mercury has leaked out this will not be the case. The 
missing mercury should be replaced. 

2. If the small air vent at the top of the glass tubing becomes clogged, 
a definite lag may be produced; the mercury column may not register 
the pressure in' the bag, and the readings will therefore be incorrect. 

3. The apparatus must be on a level surface, since tilting of the 
manometer will result in incorrect readings. It should also be level with 
the observer’s eyes. 

A yearly calibration of the aneroid type of instrument against a 
U-tube standard is recommended. This is particularly advisable for the 
older instruments, in which a shai’p blow or fall may cause inaccuracies 


due to resultant changes in the aneroid diaphragm. The needle should 
stand at zero when the apparatus is completely deflated and move im- 
mediately when the inflation begins. Manometers which have a stop pin 
at zero, or those which have a rotatable dial, permitting the user to set 
the zero mark anywhere, are not recommended, since a satisfactory check 
with instruments of this type is impossible. 

In both types of equipment the valves of the instrument, including 
those of the rubber bulb, should be competent and function smoothly. 
The entire system, including the “pressure” rubber tubing and rubber 
bag, must be free from leakage and must be kept in good condition. It 
is recommended that the instrument to be used be' checked at yearly 
intervals against a machine known to be in perfect condition. More fre- 
quent checks should be made if the accuracy of the instrument is in 
doubt. The rubber cuffs should be 12 to 13 cm. wide and 23 cm. bum 
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The cloth covering should be of inextensible material of such a nature 
that even pressure is exerted throughout the width of the cuff; it should 
extend as a band 15 cm. wide for 60 cm. beyond the edge of the rubber 
cuff, and then taper gradually for an additional 30 cm. New types of 
cuff, using a “zipper” mechanism or hooks on a rib extending the width 
of the cuff, appeared to be more satisfactory than the long, tapering 
cuff end. If bulging occurs above and below the band the reading may 
not be accurate. 

A special cuff should be used to measure blood pressure in the leg. 
The rubber bag should lie 15 cm. wide, and its covering 17 cm. wide and 
30 cm. longer than in the case of the armlet (total 120 cm.). For chil- 
dren, cuffs of the following widths have been suggested: under eight 
years, less than 9 cm. ; under four years, less than 6 cm. ; newborn babies, 
less than 2y 2 cm. The limited work done in this field does not warrant 
a definite recommendation at this time. 

The American Committee selected the sitting position as the preferable 
one because of the fact that it simplifies the taking of large numbers of 
blood pressure readings. It is true that many patients are bedridden, but 
in most instances they may be propped up into a sitting position without 
causing more than transitory disturbances in the circulation ; and when 
this is impossible it is suggested that a notation be made as to the position 
in which the blood pressure is taken. The British Committee did not 
think that there was any significant difference between the sitting and 
lying positions. For blood pressure readings in the thighs, the stetho- 
scope bell should be placed over the popliteal artery with the patient 
prone. 

Certain physical and psychologic factors should be considered. In- 
quiry should be made as to the patient's activity just before the examina- 
tion. Exercise and meals affect the blood pressure. A rest period of 
from 10 to 15 minutes prior to the making of the observations will 
eliminate or minimize certain of these factors. It is important that the 
physician evaluate the degree of stress or emotional crises through which 
the patient may be passing. The first reading taken by a physician is 
often much higher than later ones, due to apprehension and nervousness 
on the part of the patient. It is often wise, therefore, to avoid conclu- 
sions regarding the blood pressure level of an individual until several 
readings have been made on successive visits. This is especially impor- 
tant with hypertensive and hyperthyroid patients. Any evidence of ap- 
prehension or of undue concern on the part of the physician may alarm 
the patient and increase the pressure. 

There are variations in the blood pressure level of certain individuals 
in the course of a day. It is therefore suggested that for careful records 
the time of the day should be noted, and if the patient is being carefully 
followed with reference to the blood pressure level the observations 
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should be made at essentially the same time and in the same relationship 
to meals, sleep, exercise, and other similar factor's. 

The term “points” is suggested for use in reference to diastolic pres- 
sure, since the word “phase,” formerly used, implies a measure of time 
interval, whereas in reality the fourth and fifth “points” arc the exact 
levels at which change is made from one phase to the next. Detailed dis- 
cussion of the second and third phases is not pertinent to this report, 
since those phases are of little, if any, practical importance and tend to 
confuse the issue at hand. It should be clearly recognized that a single 
figure for systolic or diastolic pressure apparently does not represent 
actual pressure within from 5 to 10 mm. of mercury. If the physician 
wishes to minimize the sources of error several blood pressure readings 
should be made, the highest and lowest being recorded. Although an 
average of the series of readings might be recorded, this would not have 
the same significance in instances of cardiac irregularity. 

The determination of blood pressure in arrhythmias is unsatisfactory, 
at best, when made with the apparatus under discussion. With pre- 
mature beats the higher systolic pressure of the beats that terminate com- 
pensatory pauses should be ignored. With auricular fibrillation both 
diastolic and systolic readings should be recorded as approximate only. 
It is suggested that in this condition the average of a series of readings 
for the appearance of the first sound be noted as the systolic pressure, 
and that similar averages for the fourth and fifth “points” be recorded 
as the diastolic pressure. The diagnosis, if not stated elsewhere on 
the patient's chart, should be noted with the blood pressure recording. 
In aortic regurgitation with a collapsing pulse the diastolic end point is 
sometimes marked by a less obvious change in the quality of the sounds 
than normally. This change may be difficult to appreciate. 

Alternation of the pulse during blood pressure determinations may 
indicate left ventricular weakness. 

It is suggested that, when especially careful studies of the blood 
pressure are to be made, the use of basal blood pressure conditions should 
be considered. A preparation similar to that used prior to measuring 
the basal metabolic rate is recommended. Such a basal blood pressure 
determination should be made 10 to 12 hours after a meal (preferably 
in the morning), after the patient has rested for 30 minutes in a com- 
fortably warm room. The patient should be mentally, as well as phys- 
ically, at ease. This procedure would be most useful in experimental 
studies in which an accurate standard level is desired. Objections to its 
use in general practice are obvious. 

When auscultatory methods alone are used, the actual blood pressure 
level may be definitely higher than the level at which the first sounds 
are detected. Under these circumstances, the palpatory reading will be 
the more nearly correct of the two. If both palpatory 'and auscultatory 
methods are used, as recommended, this error will be detected. 
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In occasional instances, tlie usual sounds are heard over the brachial 
artery at a fairly high level ; as the pressure in tlie cuff is reduced, the 
sounds completely disappear, only to reappear at a distinctly lower level. 
This zone of silence is known as the auscultatory gap. Its existence is 
obviously important, inasmuch as it is possible in such patients to in- 
flate the cuff only to the level of the auscultatory gap, and to record the 
systolic pressure at the level where sounds are first heard, which may 
actually be 40 or 50 mm. below the true systolic level. 

The importance of avoiding unnecessary venous congestion should be 
recognized. This can be minimized by making certain that there are no 
constricting bands on the patient's arm, and that the pressure cuff is 
not kept inflated longer than absolutely necessary to make the blood 
pressure reading. Decompression should be at the rate of approximately 
2 to 3 mm. Hg per second. After making a reading, the cuff pressure 
should be reduced to zero long enough to allow the veins to empty before 
another determination is started. 

It is suggested that on the first examination of the patient the blood 
pressure he taken in both arms, since the two may not be the same. If 
the patient is followed for a period of time this procedure might wisely 
be repeated at stated intervals of every few months, and at other times 
if indicated by developments. In the presence of unexplained high 
pressure in the brachial arteries it is suggested that the blood pressure in 
the legs be taken also. By this procedure conditions such as coarctation 
of the aorta may be detected. 

If the variations in blood pressure which occur with respiration are 
considerable, this factor may lie eliminated by taking a reading while 
the patient holds his breath at midrespiration, but this must be for 
only a short interval, or abnormal blood pressure readings, due to 
asphyxia and other factors, will result. 

Certain factors inherent in the physician, such as variations in ac- 
curacy of hearing, must be recognized as important. A physician who 
is aware that his hearing has become impaired should use a stethoscope 
in which sound is amplified to a considerable extent, and in the event of 
marked deafness electrically amplified or other mechanical devices should 
be utilized. It is thought inadvisable at this time to make recommenda- 
tions regarding automatically recording blood pressure equipment. 

The combined use of the auscultatory and palpatory methods, as de- 
scribed herein, will yield routine data that are as reliable as those given 
by any other method. Under exceptional circumstances, as when the 
pulse is too feeble to produce sounds or too irregular for averaging, 
recording methods may become necessary. Those contemplating the use 
of graphic methods should first ascertain through reliable sources 
whether they will subserve the ends in mind. 
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The recommendation of a standard procedure, as outlined by the Com- 
mittees, is not intended to discourage initiative when indicated in special 
situations. 
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AURICULAR FIBRILLATION OF TWENTY-TWO MONTHS’ 
DURATION, WITH RETURN TO NORMAL SINUS 
MECHANISM WITHOUT THE AID OF QUINIDINE 

George E. Burch, M.D. 

New Orleans, La. 

S EARCH of tlie literature failed to reveal a report of a single ease 
of auricular fibrillation of long duration in which reversion to 
normal sinus mechanism occurred without the use of quinidine or 
related drugs. Bishop 1 reports four patients whose auricular fibrilla- 
tion was supplanted by normal sinus mechanism without the aid of 
specific therapy. In two of the patients electrocardiograms are pre- 
sented which demonstrate the existence of auricular fibrillation and 
normal sinus mechanism. The abnormal and normal mechanisms were 
recorded at approximately two- and three-year intervals, respectively. 
In neither instance, however, is it stated whether or not the fibrillation 
was continuous throughout this time. The histories would suggest 
that both patients might have been suffering from paroxysms of fibril- 
lation. Again, there is no indication that either patient was seen at 
frequent intervals, so that possible changes in rhythm could have been 
detected. 

Paroxysmal auricular fibrillation of short duration, especially in 
patients with hyperthyroidism, is well known. 2 - 3 - 4 Again, auricular 
fibrillation of long duration, fifteen years, or more, without return 
to normal mechanism, has been reported. 2, *' Kohn and Levine 6 de- 
scribed twenty patients with auricular fibrillation of over one year s 
duration. With the aid of quinidine fifteen of these regained normal 
sinus mechanism. Similar experiences have been reported by others. 1 - s 
However, the patient to be described is unique in that he had had 
auricular fibrillation (verified by electrocardiograms) continuously 
for 22 months, at the end of which time normal sinus mechanism 
returned without the aid of quinidine or related drugs. 

CASE REPORT 

M. S., a white man, 61 years of age, entered the Outpatient Department of 
Charity Hospital May IS, 1935, complaining of dyspnea, edema of the feet, weakness, 
and palpitation. The patient had been suffering from mild dyspnea on marked 
exertion for several weeks, but with sudden muscular exertion the day before enter- 

Prom the Department of Medicine, School of Medicine. Tulane University of Louisi 
ana, and the Charity Hospital of Louisiana, New Orleans. 
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intr the clinic lie suddenly experienced palpitation, faintness, and extreme dyspnea 
On admission to tlie clinic, the patient’s palpitation and dyspnea had decreased, but 
edema had developed progressively in the legs and feet. On examination the patient 
was found to have an absolute irregularity of his pulse, generalized senile arterio- 
sclerosis, a heart rate of 108 per minute, and a blood pressure of approximately 
180/110. 

The heart tvas enlarged, and there was a soft, blowing, systolic, mitral muinvur. 
There were fine moist rales in the bases of both lungs. Hie liver u as enlaiged, 
and there was edema of both legs and feet. The blood Wassermann reaction was 
found to be strongly positive. An electrocardiogram showed auricular fibrillation 
(Pig, 1), and a teleoroentgenogram showed that the heart was enlarged; the trans- 
verse diameter of the heart was 17.8 cm., the transverse diameter of the thorax 
31 cm., and the longitudinal diameter of the heart 17.C cm. Other laboratory- 
studies failed to show anything significant. 




I ig. 2. Electrocardiogram showing normal sinus mechanism, taken March 20, 1937. 


tiZ! e /‘f lent di f taIized - Twenty-five drops of the standard tincture, three 
times daily, were found necessary for maintenance. Since the patient was suffering 
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from rather severe congestive heart failure, hut would not he admitted to the hos- 
pital and, therefore, could he seen only at relatively long intervals, quinidine was 
not administered. Antisyphilitic treatment was started. Arsenical preparations 
were not employed until he had received mild antisyphilitics for many months. 

Progress . — The patient was seen at weekly internals for a few months, and every 
two weeks thereafter. He responded rapidly to treatment, hut Ids auricular fibrilla- 
tion continued. The ventricular rate was reduced to 70-80 per minute. A few weeks 
after digitalization was established, 30 drops of standard tincture of digitalis 
three times daily, were found necessary for maintenance. 



Fig. 3. — Electrocardiogram showing auricular fibrillation, taken Jan. 5, 1938. 



Fig. 4 . — Electrocardiogram showing normal sinus mechanism, taken Sept. 14, 1938. 

The electrocardiogram, from time to time, showed no definite diffeiences fiom 
the original, except that the ventricular rate had been slowed. On March 26, 1037, 
the patient’s radial pulse and heartbeat were found to he regular. All previous 
evidences of auricular fibrillation had disappeared. An electrocardiogram revealed 
normal sinus mechanism (Fig. 2). The cardiac mechanism remained normal until 
Jan. 5, 1938, when clinical evidence of auricular fibrillation reappeared, and its 
presence was verified by an electrocardiogram (Fig. 3). On Feb. 3, 19oS, the blood 
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Wasscrnmnn reaction was found to be negative, and has remained so since The 
patient’s state remained uneventful until Sept. M, IMS. when his pulse and heart- 
beat again became regular and slow, and his blood pressure dropped to llO/t. . 
The patient’s blood pressure previously had never been below FiO/lOO. The blood 
pressure measurements were only approximate during the periods of fibrillation. An 
electrocardiogram at this time showed normal sinus mechanism (Fig. I), and in the 
teleoroentgenogram the cardiac measurements were ns follows: transverse diameter 
of the heart, 11 cm.; longitudinal diameter of the heart. F'* cm.: diameter of the 
great vessels, 8 cm., and transverse diameter of the thorax, 32 cm. The patient was 
instructed to reduce the dose of his digitalis to -d drops, three times daily. An- 
other electrocardiogram, made on Sept. 21, ltC.S, showed frequent premature ven- 
tricular contractions. However, one week later these premature contractions had 
disappeared and normal sinus mechanism persisted. 

For forty weeks the patient received continuous nntisyphilitic treatment, con- 
sisting of courses of mercury rubs, potassium iodide, and do intramuscular injec- 
tions of bismuth preparations and oO of bismarsen. the hitter being given during 
the final weeks of his treatment. 


COMM EXT 

This patient was definitely lenown to have had auricular fibrillation 
for twenty-two months. The diagnosis was sustained by electrocar- 
diograms taken May IS, 1935. when the patient was first seen, and 
at frequent intervals until March 2(>. 1937, when normal sinus mecha- 
nism was deteefed. It would he impossible to determine the length 
of time the patient had suffered from auricular fibrillation prior to 
his first visit to the Charity Hospital Outpalient Clinic, as he had 
not seen a physician for a number of years previous to the onset of 
his present illness. His history would suggest, however, that the 
auricular fibrillation probably began the day before he entered the 
medical clinic, when sudden physical exertion precipitated the acute 
attack of dyspnea and palpitation. The latter symptom persisted; 
it was the first such attack the patient had ever experienced. 

Many factors have been alleged to favor the persistence of auricu- 
lar fibrillation, viz., focal infections, general diseases, local strain of 
muscles or joints, painful conditions, like stones in the kidneys or gall 
bladder, and heart failure/’ There appears to be no relationship be- 
tween the syphilitic infection and the behavior of the abnormal car- 
diac mechanism. Auricular fibrillation is known to be rare in svpli- 
ilitic heart disease. Furthermore, there was no clinical evidence 'that 
sjphilis was an active etiologic factor in producing the heart disease. 
The sjstemic syphilitic infection, acting- as a “general disease,’’ might 
possibly favor the persistence of auricular fibrillation, hut this is not 
likely, as the auricular fibrillation had ceased for a period of nine, 
months and had returned again before the blood Vnssennnnn reac- 
tion became negative. It is extremely doubtful whether the svphilitic 

infection played a significant role in influencing the behavior of the 
cardiac mechanism. 
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Congestive heart failure might influence the duration of auricular 
fibrillation, but this was apparently not a factor in our case, for the 
patient's heart failure had completely disappeared many months be- 
fore normal sinus mechanism returned. Furthermore, the cardiac 
mechanism changed from auricular fibrillation to normal sinus mecha- 
nism, back to fibrillation, and again to normal sinus mechanism, with- 
out any evidence that the patient had congestive heart failure. 

Digitalis has been reported to restore normal mechanism when ad- 
ministered in large single doses shortly after the onset of the auricular 
fibrillation. 9 On the other hand, the drug has also been said to bring 
on auricular fibrillation. 10 It is quite unlikely that the digitalis ad- 
ministered to this patient influenced the auricular fibrillation, except 
by slowing the ventricular rate, for the abnormal mechanism started 
before the patient had received any digitalis, and the cardiac mecha- 
nism reverted to normal, then to fibrillation, and back to normal, 
while he was still under the influence of digitalis. Therefore, it can- 
not safely be said that the reversion of the cardiac mechanism to 
normal was related to digitalis. 

The decrease in cardiac size is of interest. In spite of the many 
months of auricular fibrillation, the cardiac size decreased from a 
state of definite enlargement to within the limits of normal. Auricular 
fibrillation might produce slight cardiac enlargement, 5 but it is doubt- 
ful whether it would favor its disappearance. The observations of 
Stewart, et ah, 11 show that digitalis will decrease the cardiac size in 
patients with auricular fibrillation and congestive failure. Whether 
this factor alone is sufficient to explain the pronounced decrease in 
cardiac size in this patient can only be conjectured, although it was 
probably one of the contributing factors. The reduction in cardiac 
size probably indicates, also, a decrease in cardiac strain, or a repair 
of an abnormal myocardial state independent of the strain, or both. 
The mechanism of the decrease in cardiac size remains obscure, as 
well as its relationship to the abnormal cardiac mechanism. 

A satisfactory explanation for the behavior of the cardiac mecha- 
nism cannot be advanced at the present time. The patient will con- 
tinue under observation, during which time etiologic factors respon- 
sible for the arrhythmia will be sought. 

summary 

The case of a patient with definite auricular fibrillation of 22 months’ 
duration, in which cardiac mechanism returned to normal without 
the aid of quinidine or related drugs, is presented. Apparently, no 
such case has been reported previously. Factors possibly influencing 
the disturbed cardiac mechanism are discussed. 
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COMPLETE TRANSPOSITION OF THE AORTA AND 
PULMONARY ARTERY 

In One Case, With Patent Ductus Arteriosus and Foramen Ovale, 
and, in Another, With Interventricular Septal Defect 
and Pulmonic Stenosis 

Blanca R. Lia, M.D., and Olga C. Leary, M.D. 

Boston, Mass. 

TN HER analysis of 1000 eases of congenital heart disease, Maude 
* Abbott 1 found only thirty-eight eases of complete transposition of the 
great vessels associated with patency of the ductus arteriosus and fora- 
men ovale. The association of complete transposition with interventricu- 
lar defect occurred in thirty-six eases, only seventeen of which were 
analyzed. Because of the comparative rarity of this lesion, two addi- 
tional eases are here reported. 

Case 1. — Baby Boy D, 3 weeks old, only child of normal white parents, was born 
Dec. 3, 1937, after an easy breech deliver}-, and was transferred from the nursery 
to the children’s ward on Dec. 27, 1937. He showed cyanosis and labored breathing 
from birth, at which time there was considerable mucus in the respiratory tract. 
Physical examination revealed a well-nourished, well-developed male infant, appear- 
ing very cyanotic and dyspneic. The blueness was generalized, more marked in 
the circumoral and nasal regions and less in the fingers and toes, and became less 
intense after crying. The cry was strong, the muscle tone good, and the baby was 
active and responsive. There was a soft systolic murmur at the mitral area, trans- 
mitted to the axilla and up the sternum. This murmur was discovered Dee. 7, 1937, 
at which time it was heard over the entire precordium, loudest under the sternum at 
the second intercostal space. The spleen was palpable two fingerbreadtlis below the 
costal margin. The temperature varied between 99° and 100° F. ; the pulse rate 
was about 90 until the last few days, when it rose to 140-150. 

Laboratory Findings 

Dec. 6, 1937 


Erythrocyte count, 

3,500,000 

Hemoglobin, 

85 per cent 

Leucocyte count, 

20,150 

Neutrophils, 

G5 per cent 

Lymphocytes 

34 per cent 

Monocytes 

1 per cent 

Erythrocyte count, 

3,710,000 

Hemoglobin, 

65 per cent 

Leucocyte count, 

11,950 

Neutrophils, 

25 per cent 

Lymphocytes 

73 per cent 

Monocytes 

2 per cent 


From the Department of Roentgenology and Pathology of the New England 
Hospital for Women and Children. 
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The urine wns normal. The mother had a negative Hinton test. The '’Jeetro- 
cardiogram was interpreted ns follows-.: '‘Normal rhythm at a rate of 170. I he I 
waves are of short duration aiul sharply peaked in Leads II and HI. 'Hie l’-K in- 
terval is 0.1 second. The QHS complexes are normal in duration and amplitude, 
but there is marked right axis deviation. The S-T segments are slightly elevated 
in all leads. The T waves are normal and upright in Leads 1 and 11 awl slightly 
inverted in Lead III. Lead IV is normal. This electrocardiogram is consistent with 
the diagnosis of congenital heart disease.” 

Roentgenologic study a few hours after birth revealed no enlargement of the 
cardiac shadow as a whole, though the elevation of the apex suggested hypertrophy 
of the right ventricle (Fig. 1). The lungs appeared incompletely aerated. A re- 
peat examination, with fluoroscopy, nine days later, however, showed a definite 
increase in the size of the heart (Fig. 2). The enlargement appeared to be due 
both to auricular dilatation and ventricular hypertrophy and dilatation. The ap- 
pearance wns that of congenital cardiopathy. The aortic, shadow seemed small. The 
lesion suggested was patent ductus arteriosus. 

After delivery the infant lived in an oxygen tent. Carbon dioxide was given at 
frequent intervals, as well as eoraminc and other respiratory stimulants. There 
was no difficulty in feeding until the terminal stage, beginning Dec. *JS, IP:’, 7. The 
general condition became progressively worse, the respirations more labored, irregu- 
lar, and slower. The cyanosis increased. There wns no response to stimulation, and 
the baby died .Tan. 3, IPfiS. 



Ftp. 1. 

Fig. 1.— Case 1, Lee. 1 , 1037. 
of apex. 

Fig-. 2. — Case 1, Dec. 13, 13 37 . 
tion. 


Fig. 2. 

Note normal size of cardiac shadow and elevation 
The heart 1ms enlarged since the previous examlna- 


The post-mortem findings relative to the heart were as follows: The heart was 

wTnrTlm f'", ^ Thc at the same level measured 

Venn T , showcd two ven,nclcs «"<* two auricles with pulmonary veins and 
enae cavac entering in the normal manner. The right ventricle was very large and 

left 8 Sa vkn Tnd° iaT* ^ ^ ^ Wntric,c ' 0>e innominate, 

«„ Ml. »,cl. The I,ala,o„a 0 - arlerv arosa fro,,', ,i„ laf ' “ „TrW,. ”Tr a”,’ 
into right aaj left taaacta. UmIm nrtario.a, S 

ovale was also patent. There was no ventricular defect Tl " 

(Figs, 3_, 4, 5). ‘ ^ u \nlv<\s^vftrc nornml 
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Fig. 3.— Case 1, DA — Ductus Arteriosus ; A— Aorta ; RV — Right Ventricle ; LV— 
Left Ventricle. Dark probe extends through aortic valve into aorta ; glass probe goes 
through ductus arteriosus. 


Case 1, PA — Pulmonary Artery; DA — Ductus Arteriosus; LV — Left Ventricle 
Dark probe goes from left ventricle into pulmonary artery. 
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The heart weighed 55 gm. The wall of the left ventricle measured 4 nun., the wall 
of the right ventricle 5 mm., the mitral valve 3.5 cm., the aortic valve 2.4 cm., the 
pulmonary valve 2 cm., and the tricuspid valve 4.2 cm. 

The complete pathologic diagnosis was: (1) Congenital anomaly of the heart, 
namely, transposition of the aorta and pulmonary arteries, patent ductus arteriosus, 
and patent foramen ovale; (2) extreme hyperemia, universal; (3) atelectasis of the 
lungs; and (4) hemorrhage into the lungs, intestines, and pancreas. 



Fig-. 6. — Case 1, Patent foramen ovale visualized. 


Case 2. — Baby Robert O, 8 weeks old, was readmitted to the children ’s ward 
Aug. IS, 193S, because of “stiffening of the limbs,” a “queer cry,” and cyanosis 
from birth. Delivery on June 21, 193S, was an easy left occipitoanterior with labor 
lasting five hours. The baby ’s color was dusky bluish. At that time examination 
revealed a loud systolic murmur all over the precordium. Because of vomiting after 
feeding, he was transferred to the children’s ward July 5, 193S. With this 
regurgitation he had attacks of very rapid and irregular respiration (rate 24-38), 
with a pulse rate between 120 and 100. On discharge, July 24, 193S, he had gained 
7 oz. in weight. There was no vomiting, but he was still blue, and his respirations 
were rapid and irregular. On re-entry there were marked cyanosis, tetanic spasm, 
a rapid pulse rate, and marked dyspnea. The cardiac murmur was not as distinct 
as before. The aortic second sound was louder than the pulmonic second. He was 
placed in an oxygen tent and given codeine and digitalis, but he rapidly became more 
cyanotic. He assumed an opisthotonos position. His respiratory rate increased 
(40-72), then the pulse and respirations slowed and ceased on Aug. 20, 1938. 


Laboratory Findings 

Hemoglobin, 

Erythrocyte count, 

Leucocyte count, 

Neutrophils, 

Large lymphocytes, 

Small lymphocytes, 

Monocytes, 

Eosinophils, 

Basophils, 


70 per cent 

4,780,000 

6,450 

11 per cent 
4 per cent 
67 per cent 
14 per cent 
3 per cent 
7 per cent 
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The eleetrocardiogiam showed^ “normal rhythm at a rate of 160 a minute. The 
P waves are normal, hut sharply peaked in Lead II, and the P-R. inteival is 
0.13 second. The QRS complexes aie normal in amplitude and duiation, hut their 
chief wave is downwardly directed in all leads. This results in an extreme degree 
of right axis deviation. The S T segments are slightly elevated in all leads. The 
T waves are upiiglit and normal in all thiee leads.” 




Fig. 7. — Case 2. A — Aorta, glass probe in ductus arteriosus, probe through intei - 

ventriculai septal defect 

Roentgenologic study leiealed no definite enlai gement of the caidiac shadow. 
The supiaeaidiac shadow was hioadened and moie prominent on the right side; 
tlieie was also widening m the legion of the light auricle (Pig. 6). 

Post moi tern examination levealed the following findings: 
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The thymus weighed 7 gm.; it was pink and sofl, with mo-lendi-ly engorge- 
vessels. The heart, appeared very large; it measured 5 cm. transversely at the 
auriculovcntricular junction; the right, auricle was widely distended with blood 
and soft clot. The aorta arose from the right ventricle, measuring l..’! cm. in 
diameter at ascending arch. The innominate, left common carotid, and left sub- 
clavian arteries arose normally from the arch. The ductus arteriosus was patent, 
but contained some firm clot. The pulmonary artery was relatively small, 8 mm. in 
diameter; it divided normally into right and left branches. The pulmonary valve 
had but two cusps. At the base of the pulmonary valve there was a small pouch- 
like structure, 5 mm. in diameter, beneath which there was a large, round opening, 
7 nun. in diameter, between the ventricles. The foramen ovale was closed by a 
fenestrated membrane, leaving, however, an easily dilatable channel through which 
a probe was readily passed from right to left auricle. 

The wall of the right ventricle measured ti-7 nun., that of the left ventricle -1 mm., 
the mitral valve 3 cm., the aortic valve 2.5 cm., the pulmonary valve S mm., and 
the tricuspid valve -1 cm. The right and left subclavian veins were much dilated. 

Diagnosis . — Transposition of the great vessels; pulmonic stenosis; defect in the 
interventricular septum; early lobular pneumonitis; universal passive congestion. 

In the study of congenital heart disease the roentgenologic examina- 
tion has not yet proved as exact a diagnostic procedure as it is for other 
cardiac lesions. For this reason, any ease in which autopsy findings can 
lie correlated with roentgenologic studies may lead to more accurate 
knowledge. In Case 1, the first examination showed an apparently 
normal cardiac outline. The second, nine days later, however, revealed 
enlargement in the transverse diameter and length. This enlargement 
was not globular; it was definitely more prominent on the left side. The 
measurements were as follows: 


Dec. 4, 19, 

37 

Dec. 31, 1937 

Right median, 

2.05 cm. 

Right median, 

2.4 cm. 

Left median, 

2.4 

Left median, 

3.5 

Transverse, 

4.45 

Transverse, 

5.0 

Pulmonary field, 

n.i 

Pulmonary field, 

11.1 


^ The auricular shadows bulged into the posterior mediastinal space. 
The aortic shadow remained small. Post-mortem examination showed 
that the enlargement was due to hypertrophy and dilatation of the right 
ventricle, with dilatation of all other chambers. It is interesting to note 
that at birth the diagnosis of atelectasis was suggested because of the 
large amount of mucus in the trachea and the absence of physical si-ms 
of heart disease. Yet the cyanosis at that time was greater than is con- 
sistent with the degree of incomplete aeration revealed by the first 
roentgenogram. Later, both clinical and roentgenologic findings pointed 
to definite congenital cardiopathy. On the other hand, in Case 2 no 
cardiac enlargement was demonstrated, either roentgenologically or hr 
P lysical examination. There is a possibility that the broadened supra- 
cardiac shadow represented the dilated subclavian veins and the trims- 
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posed blood vessels. The marked cyanosis, dyspnea, and loud systolic 
murmur made the diagnosis of congenital heart disease definite. In both 
of these patients an enlarged right ventricle was found at post mortem, 
yet the cardiac outlines were not similar and did not show the ‘ ' coeur en 
sabot” contour that has been regarded as evidence of right ventricular 
enlargement . 3 

SUMMARY 

This is a report of two cases of complete transposition of the great 
vessels, associated, in one case, with patency of the ductus arteriosus and 
foramen ovale, and in the other, with an interventricular septal defect 
and pulmonic stenosis. Both patients were studied clinically, roent- 
genologieally, and by post-mortem examination. 
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PAROXISMAL BUNDLE BRANCH BLOCK CONVERTED INTO 
TWO-TO-ONE BUNDLE BRANCH BLOCK BY MEANS 
OF ATROPINE 

Case Report* 

Norman H. Boyer, M.D. 

Cleveland, Ohio 

T he question whether or not the main branches of the His-Tawara 
bundle are subject to the influence of the vagus nerves is as yet un- 
settled. Drury and Mackenzie 1 were unable to demonstrate any effect on 
branch conduction, either by the use of acetylcholine or by stimulation of 
the vagi in the neck, in normal dogs. If, however, either the right or the 
left branch was injured mechanically, bundle branch block complexes 
appeared in the electrocardiogram for a short period of time, after which 
what appeared to be full recovery occurred. At a critical period fol- 
lowing this recovery, bundle branch block complexes could be made to 
reappear by stimulation of the vagi in the neck. The authors attributed 
this effect to action of the vagus on the junctional tissues, rather than 
on the bundle branches. They thought that vagal stimulation increased 
the “decrement” through the A-V node and the main bundle, and 
consequently the impulse arrived at the still partially damaged branch 
too weak to pass, whereas it passed the undamaged branch readily. 

This report deals with a patient, one of whose bundle branches was 
damaged but was still capable of fluctuation in conductivity. 


case report 


Airs. J. W., a 64-year-old -white woman, entered the Evans Memorial Hospital 
complaining of weight loss, palpitation, and nervousness, of six months’ duration. 
Aside from mild dyspnea on exertion and palpitation, there had been no significant 
cardiorespiratory symptoms. The past history was irrelevant. Physical examination 
revealed an adenomatous thyroid and signs of hyperthyroidism. The heart was not 
enlarged, and its action was rapid hut regular. There was a precordial systolic 
murmur. The blood pressure was 170/95. There was moderate peripheral arterio- 
sclerosis. 


Laboratory Findings.— A roentgenogram of the chest showed compression of the 
trachea by the thyroid gland; the heart was normal in size and contour, the aorta 
long and tortuous; the lungs were clear. The urine was normal. Morphologically, 
the blood cells were normal. The blood Wassermann and Kahn reactions were nega- 
tive. The vital capacity was 1500 c.c. The basal metabolic rate ranged from plus 
30 per cent to plus 40 per cent on repeated determinations. 

Electrocardiograms .— At the time of admission to the hospital the eleetrocardio- 
gram wa s normal save for inversion of the T wave in Lead IV. The heart rate was 


'From the Evans Memorial of the Massachusetts Memorial 
Received for publication Dec. 16, 1938. 
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then 103 per minute. Two days later, another electrocardiogram showed complete 
left bundle branch block and rather frequent auricular ectopic beats. There were 
no clinical indications that the heart had suffered any injury during this interval. 



The rate was somewhat faster, about 107 per minute. During the ensuing ten days 
electrocardiograms were repeated at frequent intervals, and, at times, they showed 
bundle branch block, while at other times there was normal conduction. Normal 
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conduction tended to be present at slow rates, and block at high rates of beating 
While bundle branch block was present, observations were made on the effect of 
carotid sinus pressure and the administration of atropine intravenously. Ihg. 1 
shows the effect of carotid sinus pressure, and demonstrates the importance of a 
long diastolic pause in the recovery of conduction. This is further shown by 1 ig. 2, 
wherein two auricular ectopic beats occurred during a . period of bundle branch 
block. The pause following one is only 0.02 second longer than that following the 
other. Uig. 3 B was taken four minutes after the intravenous injection of 3 mg. 
(or. i/o 0 ) of atropine sulfate, and shows sinus tachycardia with 2:1 bundle branch 
block. This phenomenon persisted for eight minutes, when gradually the normal 
QRS complexes became transitional, then, finally, all complexes showed bundle branch 
block. During this time there was no significant variation of the blood pressure, and 
the full physiologic effect of the atropine was attested by dilation of the pupils and 
dryness of the mucous membranes. 



Pig. 2. — Lead I. Two auricular premature beats, illustrating the importance of a 
long diastolic pause as a factor in recovery of conduction. The pause preceding normal 
conduction measures 0.5G second, while that preceding the blocked impulse following 
the second premature beat measures 0.54 second. 



. 3 ’~^ J . ead I- EfEect of atropine on bundle branch block. A, Taken immedintelv 
hf/o™ injection. Rate about 100 per minute. B, Taken four minutes aC the in- 
jection of 3 mg. of atropine sulfate intravenously. Rate about 140 per minute. 


Following iodine therapy the pulse rate was persistently slower and the electro- 
cardiograms persistently showed normal conduction, though bundle branch block 
could be made to reappear by accelerating the pulse by exercise. 

The patient was transferred to the surgical service, and there underwent an 
uneventful thyroidectomy. 


DISCUSSION 


The subject of paroxysmal bundle branch block lias recently been dis- 
cussed by Comeau, Hamilton, and White, 3 and need detain us only W 
enough to emphasize the importance of a rapid rate of beating- on the 
production of block in branches which are able to conduct normally if 
allowed a suitable recovery period. ' 
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Few reports of 2:1 bundle branch block with normal sinus rhythm 
have appeared in the literature; among them are the cases reported by 
Leinbach and White 3 and Kelly. 4 

That stimulation of the vagus nerves can produce A-Y block and that 
atropine can increase, conductivity through A-Y tissues is now well 
known, but whether this also holds for the bundle branches is certainly 
unsettled. We have already seen that normal conduction could be made 
to appear in this patient by sufficient lowering of the cardiac rate, and 
that as the time for recovery grew shorter with an increasing rate, con- 
duction through the bundle became impaired. It is of some interest, 
therefore, to see that the administration of atropine can bring about 
normal conduction in alternate cycles in spite of a significantly increased 
heart rate. 

The evidence for decremented conduction in the A-Y tissue is not con- 
clusive, so that it seems best not to suggest such an explanation, as Drury 
and Mackenzie did. It may' well be that future observations will confirm 
the presence of decremented conduction and its control by vagal tone. 

A second possible explanation involves a change in conductivity and 
refractory period in the bundle branches themselves. This explanation 
would be more impressive had the conduction become entirely normal, 
for it is readily apparent that the interval from A to G (Fig. 3) is well 
over that at which normal conduction occurred at slow rates. Hence no 
such mechanism need be invoked. Furthermore, this mechanism might 
be expected to affect both branches equally. Since the appearance of 
bundle branch block complexes does not necessarily imply complete block, 
but simply that the impulse arrives by way of the undamaged branch 
before it can pass the damaged one, any factor which affects conduction 
in both branches might be expected to leave the excitation of each 
ventricle and the form of the electrocardiogram unchanged. 

A third, and perhaps the most likely explanation is that the mecha- 
nism is dependent on change of rate per se. It is apparent that during 
periods of block the impulse must have passed far enough into the 
damaged branch at each cycle to maintain some degree of refractoriness. 
If the rate is now sufficiently increased, impulse B (Fig. 3) will arrive 
during a period of high degree of refractoriness and may be completely 
blocked. Under these circumstances the recovery of the area is not in- 
terrupted, so that impulse C may then be able to pass. This, of course, 
is simply what is thought to occur in 2 :1 A-Y block, except that in that 
case no alternative pathway is open to the impulse. 

CONCLUSION 

A case of paroxysmal bundle branch block associated with hyperthy- 
roidism is reported. 

During a period of block the administration of atropine converted 
the mechanism into 2 :1 bundle branch block. 
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The possible underlying mechanisms are discussed, and the conclusion 
reached that change in rate, quite apart from any local effect of atropine, 
may be sufficient to produce this phenomenon. 
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In Memoriam 


James Wallace Esler 
* 1894-1938 

Pioneer in Cardiology in Washington, D. C. 

Many devoted patients and associates have been greatly saddened by 
the death, on Dec. 15, 1938, of James Wallace Esler, of Washington, 
D. C. Born October 27, 1894, in Tarentum, Pa., son of James M., and 
Katherine Esler, and educated in the public schools of Tarentum and at 
Washington and Jefferson College (A.B. 1916), he was graduated from 
the Medical School of the University of Pennsylvania in 1920. Research 
in physiology at the medical school, followed by two years ’ interneship 
at Pennsylvania Hospital, led him in 1923 to begin the practice of medi- 
cine in his home town, and for five years he built the foundation there, 
and in Boston, for the special field of cardiology, which he entered in the 
city of Washington in the fall of 1928. 

It was our privilege in Boston early in that year of 1928 to have 
James Esler come to us as a graduate student and research associate in 
the cardiac clinics and laboratory of the Massachusetts General Hospital. 
He revealed to us during his stay not only the ability and industry that 
gave promise of the career that was fulfilled in the decade to come, but 
also the charming personality that endeared him to all who came in 
contact with him. 

Modest, capable, thoughtful, and patient, he established himself in 
Washington as a pioneer in the special field of heart disease and left 
a place in the medical profession there which will be difficult to fill. He 
was Professor of Cardiology and Associate in Medicine at Georgetown 
University School of Medicine, member of the staffs of the Georgetown 
University, Garfield Memorial, and Emergency Hospitals, past president 
of the Washington Heart Association, and member of the District of 
Columbia Medical Society, Clinico-Pathological Society, and Osier So- 
ciety of Washington. 

Married Aug. 12, 1929, to Miss Lillian McGlasson, of Glendale, Ky., 
he has handed on his name to his son, who was born in 1933. 

Many of James Esler ’s old friends join me in this tribute to his 
memory. 

Paul D. White 
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Selected Abstracts 


Kirch, E., and Niinnberger, W.: Development and Recession of Experimental 

Athlete Cardiac Hypertrophy. Arch. f. Kreislauf. 4: 1, 1939. 

Studies were carried out on twenty-two rats who were subjected to swimming 
and running exercises. A definite hypertrophy was found which was proportional 
to the intensity of the exertion. With the severest exertion, the hypertrophy 
appeared in six days. Hj-pertrophy begins in the right ventricle and is most 
marked in this chamber. The right auricle is next involved, and usually also the 
left ventricle, and occasionally the left auricle. Running causes more hypertrophy 
of the left heart than swimming. The hypertrophy is accompanied by enlarge- 
ment and elongation of the heart and involves the right heart more than the left. 

In five rats, intensive exercise was carried out followed by five to six months of 
normal activity. In these animals, the cardiac dilatation and hypertrophy had 
disappeared. However, one animal showed a residual hypertrophy after 15 3 days 
of rest. 

Katz. 


Rothberger, C. J,, and Sachs, Arpad: Rhythmicity and Automatism in the 
Mammalian Left Auricle. Quart. J. Exp. Physiology 29: 69, 3939, 

Mechanical records and electrograms taken from isolated strips from the left 
auricle of the heart of rabbits or guinea pigs show that the left auricle may 
beat spontaneously, although the histologic examination following the experi- 
ment fails to show specific nodal tissue in them. This examination was done by 
Professor Aschoff. These strips respond to stimulation by single condensor dis- 
charges or faradic current sometimes with an outlasting rhythm. Adrenaline and 
histamine produce sometimes, strophanthine never, and barium chloride, veratrine 
and aconitine always a rhythmic activity, sometimes of long duration. In man 
under pathological conditions, the left auricle may possibly initiate automatic 
contractions; single auricular extrasystoles or auricular tachycardias, especially 
t lose with a negative P wave in the electrocardiogram, may therefore, as Rotli- 
berger and Wmterberg supposed long ago, originate in the left auricle. 

Authors. 


Hamilton, W. F., and Dow, Philip: An Experimental Study of the Standing 

Waves in the Pulse Propagated Through the Aorta. Am. J. Physiol. 125: 48, 

A technique is described for recording, directly and adequately, simultaneous 

PartS ° f t,le 0pen ° r 0C “ d system^ comprising 6 the 
aorta and the iliac and femoral arteries of intact dogs. J ® 

Senes of records taken by this method present the following findings- a) The 
pulse pressure increases gradually from the aortic arch to the Loral although H e 
mean pressure remains constant ’ oug '‘ t,le 
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all points in the system. The time from the start of the wave at the root of the 
aorta to the time of this stationary peak is a characteristic function of the length 
and the elastic properties of the central arteries, probably as far out as the knee. 

c) Along with the formation of this stationary peak, and following it in the 
pulse cycle, there develop alternate falls and rises of pressure which reciprocate 
with simultaneous rises and falls at the root of the aorta. 

d) By moving an occlusion down the aorta, the nodal point between these 
reciprocating divisions of the system can be shifted in the same direction. 

e) The transformations in form and pressure undergone by the pulse in its 
travel toward the periphery are thus experimentally shown and their cause is identi- 
fied. By reflection of the propagated wave, with changes in the volume-elasticity 
properties of the vessels through which it goes, certain components of it resonate, 
and the standing waves so produced are superimposed upon the fundamental pulse 
form. 

It is shown that in the light of these experiments the application of sound physical 
principles permits a reconciliation of many controversial lines of emphasis in this 
field. 

Authors. 

Dow, Philip, and Hamilton, W. F.: An Experimental Study of the Velocity of the 

Pulse Wave Propagated Through the Aorta. Am. J. Physiol. 125: 60, 1939. 

Derived from records obtained by previously described methods, continuous 
curves are presented which show the changes in pulse wave velocity from aortic 
arch to femoral artery in seven dogs. 

The wave is shown to accelerate quite evenly over this range, with considerable 
variation in the rate of acceleration in different dogs. 

Measurements of the elasticity of rings cut from an aorta give results which 
are consistent with such an acceleration. 

The pulse wave velocity corresponds to different functions of the diastolic pressure 
in the thoracic and abdominal portions of the aorta. 

Stimulation of the vagus nerves, whether electrical or reflex, is accompanied by a 
slowing of the pulse wave in addition to that produced by the lowering of the 
diastolic pressure. In the records available so far, this effect is evident at low and 
normal pressures in the abdominal aorta and at higher pressures in the thoracic aorta. 

The only hypothesis that can be put forward in explanation at present is that with 
vagus stimulation 'either nervous or hormonal influences bring about a change in 
the elasticity of the arterial wall by varying the tone of smooth muscle fibers. 

Authors. 

Graybiel, Ashton, and White, Paul D.: Diseases of the Heart: A Review of 

Significant Contributions Made During 1938. Arch. Int. Med. 63: 980, 1939. 

This important review summarizes briefly all the contributions made to the 
cardiac literature in the past year. 

McCulloch. 

Hamilton, W. F., Woodbury, R. A., and Vogt, Elkin: Differential Pressures in the 

Lesser Circulation of the Unanesthetized Dog. Am. J. Physiol. 125: 130, 1939. 

A modification of the London technique for placing angiostomy cannulae upon 
the pulmonary vessels, an advantageous device for administering artificial respira- 
tion and the technique for making optical tracings of the pressures in the pulmonary 
artery and vein of unanesthetized dogs are described. 

By means of differential and ordinary “hypodermic” manometers, records were 
made of the pressures in the pulmonary artery, and pulmonary vein, of the effective 
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pressures distending these vessels within the thorax and of the gradient of pressure 
forcing blood through the lungs. 

In normal unanesthetized dogs, breathing quietly, the pulmonary arterial pressure 
varies between 45/12 and 2S/7 mm. Hg in different dogs and averages i,/J0. The 
mean pressure (integrated) averages about 20 mm. Hg. The pulmonary venous 
pressure, taken during quiet breathing, averages 3 to 12 mm. Hg. 

Inspiration lowers total pressure in both the systemic and pulmonary arteries 
but raises slightly the effective pressure in the pulmonary artery. The total 
pressure in the pulmonary vein is lowered by inspiration but the effective pressure 
is changed very little. The expiratory increase in systemic arterial pressure 
is caused partly by an increase in intratlioracic pressure and pnrtlv by an increase 


in cardiac output. 

The gradient of pressure forcing blood through the lungs is decreased by a 
prolonged rise in intratlioracic pressure and increased immediately afterwards. 
It is also increased by air embolism. It is unaffected by this gradient. Secondary 
effects due to changes in blood flow are so smnll ns to imply very definitely that 
the pulmonary channels are quite capacious. 

The rise in pulmonary arterial pressure after large doses of epinephrine is due to 
back pressure from the left ventricle and is not accompanied by an increaso in the 
gradient of pressure from artery to vein. We can supply no clear cut evidence that 
vasoconstriction in the pulmonary bed plays any significant role in the dynamics of 
the lesser circulation. 


Authors. 


Wright, G. W., Hallaran, W. It., and Wiggers, C. J.: The Economy of Effort Index 
for Hearts of Normal and Hypertensive Subjects. Am. .1. Physiol. 12G: Sf>, 
1930. 


A method, based upon a principle worked out from animal experiments by 
Wiggers and Katz, is suggested, by which the economy of effort during ejection of 
the normal human left ventricle can be expressed and compared with that of the 
ventricle of a hypertensive subject, 

Reconstruction of the ejection phase of the intraventricular pressure curve is ac- 
complished using the subclavian pulse curve for contour and applying simultaneously 
obtained brachial artery pressures for the ordinate (pressure) values. The surface 
area of the curve above diastolic value divided by that beneath this area offers a 
quotient expressing the economy of ventricular effort during ejection. 

Results for eighty-one normal individuals indicate a wide variation in the quotient 
(0.215-0.880) and it is greatest in those subjects having a comparatively large pulse 
pressure and a low diastolic pressure. This wide variation is explained by the normal 
variation in the relation of systolic discharge to peripheral resistance. 

Results for fifty-four individuals with chronic hypertension show an even greater 
range of quotient (0.220-1.030) and the same relation to pulse pressure and diastolic 
pressure is observed as was found in the normal individuals. A larger number of this 
group had a quotient above the median (0.428) of the normal group. The conclusion 
is reached that the left ventricle in hypertension maintains a quotient as good as 
or even better than, that of the normal left ventricle by virtue of a large pulse pres- 
sure and in spite of an elevated diastolic pressure. 


Evidence is given in support of the belief tiiat decreased distensibility of the aorta 
when found m conjunction with hypertension, particularly in older subjects, supplies 
a mechanism whereby the economy of effort during ejection remains normal or may 
actually become more favorable. J 


Authors. 
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Leriche, Rene, Fontaine, Rene, and Friedmann, Leon: Is Stellate Infil tration in 
Pulmonary Embolism Justified From the Physiological, Anatomical and Patho- 
logical Points of View? What Place Should It Occupy in the Therapeusis of 
This Condition? Jour, de Chirurgie 50: 47, 1937. 

The authors report treatment of three cases of pulmonary embolism by anes- 
thetization with novocain of the stellate ganglia. Good results were noted once, 
failure occurred twice. They believe that vasoconstrictive reflex is set up by the 
embolus which in itself does not seem sufficient to cause death in many instances. 
They point out the differences of effect on circulation of ligation of the femoral 
artery and occlusion of it by an embolus, and they feel that in the latter condition 
there is complementary vasospasm. The authors believe that the pulmonary 
arteries receive their vasomotor fibers from the cardiac plexus which in turn 
receives many fibers from the stellate ganglia. They believe that on an average 
one out of each three cases of pulmonary embolism might be greatly benefited 
by the procedure mentioned above. They believe that all physicians should be 
taught to perform anesthetization of the stellate ganglia immediately in cases 
of pulmonary embolism. 

Allen. 

Schlomka, G., and Konigs, G.: Relative Duration of Systole. V. In Heart Muscle 
Disease. Ztschr. f. Kreislaufforsch. 30: 825, 1938. 

The duration of systole is usuallj- relatively longer when the heart muscle is 
damaged, especially in older people. In a few, when related to heart rate, there 
is an abnormal short duration of systole, and these are the ones with poorly 
functioning hearts. 

Katz. 

Latzel, M.: Relative Duration of Systole in Hot Baths. Ztschr. f. Kreislaufforsch. 
30: 865, 1938. 

The relative duration of systole (with respect to heart rate) using the cube 
root formula of Fridericia, decreased in hot baths of 42° C. 

Katz. 

Scherf, David, and Kisch, Franz: Ventricular Tachycardias With Variform 
Ventricular. Bull. New York Medical College 2: 73, 1939. 

A series of eighteen cases of ventricular tachycardia with alternation of the 
form of the ventricular complexes, sometimes combined with a change or true 
alternation of the length of the diastoles, have been observed. They may be 
classified into three groups: regular alternation of two different forms of the 
ventricular complex and a regular rhythm; regular alternation of two forms as 
well as of the length of the diastoles; a complete irregularity of the form and some- 
times also of the rhythm of the ventricular extrasystoles. 

Comment was made upon the various explanations which have been advanced 
for these cases and it was shown that in every type a single center of stimulus 
formation may exist while the abnormal picture may be caused simply by a dis- 
turbance of intraventricular conduction. This is proven by the observation of two 
cases in which beats originating in the auricle were abnormally conducted to the 
ventricle in such a manner that all three of the types of tachycardia were imitated. 
The assumption that the formation of a stimulus in the ventricle itself may be 
followed by similar disturbances of conduction is entirely comprehensible. 



SELECTED ABSTRACTS 


125 


Apart from very rare exceptions, myocardial changes always exists in cases of 
this kind. In addition the use of digitalis is found an initiating factor in a 
majority of the cases. Even small doses of digitalis may produce these tachy- 
cardias at times. 

One case was described in which such a tachycardia was observed over a period 
of five years; necropsy failed to reveal any pathologic change in the heart save 
a marked dilatation, the consequence of the tachycardia. 

Authors. 

Cowan, John: Some Disturbances of the Rhythm of the Heart. Brit. Heart .1. 
1: 3, 3939. 

Sino-auricular block is not necessarily accompanied by cardiac symptoms. Four 
cases came under observation on account of symptoms other than cardiac; nine cases 
on account of cardiac symptoms. The heart may be apparently sound (six cases) ; or 
may show signs of organic heart disease (seven cases). 

Sino-auricular block can only be recognized by polvgraphic or electrocardiographic 
examination. It may be suspected as the cause of recurrent syncopes in patients 
who show, between attacks, gross sinus irregularity. 

The presence of sino-auricular block does not affect the cardiac prognosis or treat- 
ment in the individual case; which must be based upon the general rather than the 
cardiac picture. 

Author. 

Wood, Paul, and Selzer, A.: Chest Leads in Clinical Electrocardiography. Brit. 
Heart J. 1: 49, 1939. 

The normal appearances of electrocardiograms obtained with Lead IV It have 
been presented. 

Five other chest leads were investigated: Lead IV F; the left pectoral — right arm 
lead; the left pectoral — left leg lead; the right pectoral — right arm lead; and 
the right pectoral — left leg lead. 

Limb lead and multiple chest lead electrocardiograms were obtained from 302 
selected cases of heart disease, and from twelve cases of cardiac displacement due 
to a high diaphragm. 

In addition to their value as an aid in the recognition of ischemic heart disease, 
chest leads have been found of service in the diagnosis of rheumatic carditis, peri- 
carditis, left ventricular enlargement, right ventricular enlargement, acute cor 
pulmonale resulting from pulmonary embolism, and of doubtful or bizarre forms of 
bundle branch block. 

The right arm was both the most informative and the most convenient site for 
the distal electrode; and we believe that the evidence is now sufficient to warrant 
its routine use in preference to the left leg. The latter was only advantageous 
when it was desired to distinguish left ventricular enlargement from cardiac 
displacement due to elevation of the diaphragm. 

Multiple chest leads are of value not only because they may yield diagnostic 
evidence of myocardial infarction when a single chest lead is barren, but also be- 
cause they are a safeguard against faulty interpretation of Lead IV, because each of 
the three leads (Lead IV and the two pectoral leads) used in this investigation has 
some special value peculiar to itself, and because a study of these three leads in 
relation to one another may give information which is unobtainable by a study of 
individual leads. ' 


Authors. 
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Robinson, Roger W., Contratto, A. W., and Levine, Samuel A.: Tie Precordial 

Lead. Arcli. Int. Med. 63: 711, 1939. 

A study was made to ascertain which point over the precordium could he used 
in taking the so-called Lead IV that would furnish the most reliable information 
in the diagnosis of myocardial infarction. For this purpose nine or ten tracings 
were taken with the electrode in various parts of the precordium in each of 352 
cases. The two main criteria that were analyzed were the presence or absence 
of the Q wave and the direction of the T wave. In this study tracings were re- 
garded as indicative of myocardial infarction if the Q wave was absent. They 
were called questionably indicative of infarction if the Q wave was less than 2 
mm. deep. The term abnormal was used when a normal Q wave was present 
but the T wave was upright. It was found that interpretations of the electro- 
cardiograms obtained with the electrode over the base of the heart and along 
the sternum were often misleading. The error decreased as the apical Tegion was 
approached. It was also found that the electrocardiograms obtained with the elec- 
trode in the region of the nipple or in the midclavicular line, although generally re- 
liable, were frequently not so when there was considerable cardiac hypertrophy. 
The only lead that gave a curve for which a satisfactory interpretation could be 
made with an extreme degree of accuracy was the one for which the electrode was 
placed over the apical impulse of the heart. 

For seventy-five persons with normal hearts the Q wave was normally present 
and deepest with the apical lead. "With the other positions it was often small (less 
than 2 mm.) and rarely absent. The T wave was frequently upright with many 
of the preeordial positions and in four instances even with the apical lead. 

Deep inspiration was found to shorten the Q wave and to change an inverted to an 
upright T wave in some instances. More reliable information could be obtained 
during normal breathing than during deep inspiration. 

Although minor differences in the electrocardiograms were noted with the patient 
in the supine, upright, left lateral or right lateral position, these did not alter the 
accuracy of the interpretations with the apical lead. 

It was found that when fluid was present in the left pleural cavity, an absent or 
small Q wave might become normal after thoracentesis. 

The removal of fluid from the abdomen changed a small Q wave to a normal 
one. 

When the heart was considerably enlarged, owing to vascular disease, hypertension 
or other causes, frequently there was no Q wave with any of the precordial leads 
except the apical. The T wave was often upright even with the apical lead. 

Two patients with syphilitic narrowing of the coronary ostia without myocardial 
infarction showed a Q wave of only 0.5 mm. with the apical lead. 

The presence of auricular fibrillation or delayed intraventricular conduction did 
not interfere with the correct interpretation of the fourth lead. In two of the 
eleven cases of left bundle branch block the method of interpretation of Lead IV 
used in this study was incorrect. 

It can be concluded that, except in the rare instances cited, a Q wave of 2 mm. 
or more in the electrocardiogram with the apical position will always be found when 
the heart is normal or when there are various forms of heart disease unassociated 
with anterior myocardial infarction. 

Authors. 

Braun-Menendez, E., and Solari, L. A.: Ventricular Asynchronism in Bundle 

Branch Block. Arch. Int. Med. 63: S30, 1939. 

Bundle branch block experimentally produced in dogs is followed by marked 
ventricular asynchronism, and it may be assumed that the same happens in human 
beings with bundle branch block. 
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Optical recording of tlio apex beat, the venous pulse, the heart, sounds, and the 
central arterial pulse simultaneously makes it possible to recognize whether or not 
the ventricles beat synchronously or, in the absence of synchronism, which ventricle 
contracts first. 

Investigations carried out in this way havo demonstrated that the electro- 
cardiographic alterations which, according to the older view, were considered ns 
characteristic of right bundle branch block are, in fact, encountered in cases of 
left bundle branch block. 

Electrocardiograms with all the characteristics of bundle branch block may 
exist without there being any detectable nsynchronism and hence without there 
being complete block. 

In conclusion, it may be advanced that the electrocardiogram which shows pro- 
nounced alterations affords a good evidence of intraventricular block. IIowc\ or, 
it does not offer a reliable means for establishing a diagnosis of complete bundle 
branch block, or, furthermore, for the localization of the branch involved. The 
adequate recording of the mechanical events duo to cardiac action affords the 
only means for determining the existence of ventricular nsynchronism, thereby 
allowing the recognition of delayed excitation through one of the bundle branches 
and the localization of the functional disturbance. 

Authors. 


Vander Veer, Joseph B., and Edwards, Joseph C.: The Significance of Small and 

Absent Initial Positive Deflections in the Chest Lead. Am. J. M. Sc. 197: 

663, 1939. 

The electrocardiograms and clinical histories of 102 patients with an absent 
initial positive deflection in the prccordial lead (I? wave of new and Q wave of the 
old technique), and forty-six patients with a small initial positive deflection (2 mm. 
or less) have been reviewed. 

The most frequent cause of an absent initial positive deflection (67 per cent) 
was a previous anterior myocardial infarction. In the other patients with this 
abnormality, organic cardiovascular disease was present in all instances, usually 
arteriosclerotic or luetic heart disease, with or without hypertension. Cardiac 
enlargement and myocardial damage from other causes may also bo factors causing 
disappearance of this wave. 

When the initial positive deflection is absent in the prccordial lead, the Q1?S 
complex rarely returns to normal. An absent initial deflection may bo followed 
by a small initial deflection in some cases of myocardial infarction, and occa- 
sionally either of these signs may be the only residual electrocardiographic finding 
in this condition. 

A small initial positive deflection in the prccordial lead (2 mm. or less) is a less 
important sign than an absent one. It is occasionally seen in normal hearts but 
usually is of similar significance to an absent initial positive deflection. 

The importance of proper application of the prccordial electrode is emphasized, 
especially in relation to the size of the initial positive deflection of the QlbS 
complex. 

A correlation between the T-wavc findings in the precordial lead and Lead I 
with the absent and small initial positive deflections shows a larger per cent of 
abnormal T waves in the absent deflection group. The presence of an abnormal 
T wave in one or both of these leads with a small or absent deflection in the prc- 
cordial lead makes the latter sign of greater significance. In general T-wnvo ab- 
normalities are less permanent than the QRS abnormalities in the precordial lead. 

Authors. 
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Van Nieuwenhuisen, C. L. C., Hartog, H. S. Ph., and Matthijssen, E.: New 

Diagnostic Features in the Four Lead Electrocardiograms of Angina Pectoris. 

Acta Scandinav. Med. 98: 468, 1939. 

This is one of a series of articles on the diagnostic points of electrocardiog- 
raphy. Amongst 5,500 curves, the authors selected for further study 355, pre- 
senting peculiarities which they considered suggestive of disease. 

Fifty-one electrocardiograms met Pardee's criteria for deep Q 3 waves. They 
assumed that coronary sclerosis was present in 84 per cent of these; twenty-four 
of them suffered from angina pectoris, twenty-four had congestive failure, eleven 
of them had both together. 

They included W- and M-shapcd complexes in Lead III, though they admitted 
that they were more significant in Lead II. In the presence of marked left 
cardiac dilatation, left axis deviation might be obscured by Pardee’s Q waves or 
by W- or M-shaped complexes. 

Sixty-three tracings showed W-sliaped complexes (fifty-eight in Lead III, five 
in Lead II). Of these, twenty -four had hypertension, twenty-four cardiac failure, 
and twenty-nine angina pectoris. Seven had both angina pectoris and cardiac 
failure. 

Ten showed M-shaped complexes (one in Lead I, three in Lead II, six in 
Lead III). Seven of these had some decompensation and three also angina 
pectoris. 

More original are the observations on the “notch at the foot of the R” which 
the authors consider the result of a rotation of the axis of the “S,” causing it 
to become positive. It occurred fifty-seven times, mostly in men, and above the 
age of 50 years. About one-half the cases had hypertension, one-third congestive 
failure, and one-half angina pectoris. Often there were other signs of coronary 
disease. It occurred most commonly in Leads I and II, rarely in III. In almost 
all cases presenting this change there w r as reason to suspect heart disease. The 
notch was observed to appear following coronary occlusion and, once, to precede 
it. Then it appeared during effort only. It was also observed following cardiac 
shock, just after the clonic phase. 

They associated the “saddle shaped S-T segment’’ with myocardial changes, 
but they failed to define it accurately. In some cases they considered it a less 
developed form of the preceding change, and they surmised that the two irregulari- 
ties had a common cause. The saddle shaped S-T segment occurred in 102 cases, 
in sixty-six of these they thought other clinical data justified a diagnosis of 
coronary sclerosis, and in ten others there was evidence of other heart disease. In 
many cases the patients had what appeared to be functional complaints. The 
authors seemed less certain of the significance of this finding; certainly in the 
absence of control material or autopsy findings, this point requires further study. 

T waves exceeding in height one-half of the R waves in the same standard 
had occurred in twenty-seven tracings. Eight complained of angina pectoris, five 
of congestive failure. Coronary sclerosis was thought to be present in fourteen. 
In the absence of thyrotoxicosis and mitral stenosis, the authors considered “tall 
T waves ’ ’ an important sign. 

Chest leads were taken with the right arm electrode in fourth left intercostal 
space and with left leg electrode. The changes seen in coronary thrombosis may 
also be seen in coronary sclerosis, possibly indicating a similar but slower process. 
Dilatation of the left ventricle may cause a shallow Q wave, unless the electrical 
axis takes a longitudinal position (youth, mitral stenosis). Shallow Q waves may 
also result from coronary sclerosis. Deep Q waves in the chest lead, in the absence 
of a longitudinal axis in the standard leads, indicate coronary sclerosis. Deep 
Q waves in the chest leads occurred in forty-five patients. Twenty patients had 
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congestive failure, eighteen angina pectoris. In thirty-one, coronary sclerosis was 

obvious, so the authors considered this sign important. 

Appended is a large collection of electrocardiograms. The suggestions con- 
tained in this paper are stimulative, but require definitely further checks am 
controls beforo thev can be accepted. 

Jensen. 


Allen, Arthur C.: Mechanism of Localization of Vegetations of Bacterial Endo- 
carditis. Arch. Path. 27: 300, 1939. 

In from 50 to 75 per cent of cases bacterial endocarditis is superimposed on 
rheumatic endocarditis. Eheumntic endocarditis commonly produces a valvular 
fibroplastic deformity with stenosis. This lesion takes tlio form of a projecting 
shelf or barrier, usually at the line of closure, against which the blood stream 
strikes. Bv virtue of this obstruction to the systolic discharge (manifested In 
myocardial hypertrophy) the site of the deformity suiters a distinctly greater 
impact and contact than the normal valve leaflet, which “gives” or yields 'with 
the stream. This contact with the blood (nnd organisms in a bacteremia) is 
further enhanced by the diastolic backflow due to insufficiency, the usual con- 
comitant of stenosis. The role of these dynamics in the localization of vegetations 
is suggested. 

This same mechanism applies to congenital lesions including the “so-called 
congenitally bicuspid aortic valve.” 

Attention is called to the fact that the outflow surface of all valves, normal or 
deformed, comes in contact with a much greater area of blood (and toxic agents) 
than the opposite surface. The significance of this in the localization of vegeta- 
tions is stressed. 

An explanation based on the same principles is offered for the rarity with 
which auricular fibrillation is complicated by bnctcrinl endocarditis. 'Die possi- 
bility of the influence of other auxiliary factors is not precluded. 

It is pointed out that there is an increased tendency for acute rather than 
subacute endocarditis to occur on (a) valves not previously deformed and (b) 
valves of the right side of the heart. This fact is correlated with the principles 
of impact and contact. 

Author. 

Stewart, Harold J., and Heuer, George J.: Chronic Constrictive Pericarditis. 

Arch. Int. Med. 63: 504, 1939. 

An analysis of the clinical manifestations in nine cases of chronic constrictive 
pericarditis has been given. In seven of these cases partial pcricardiectomy was 
performed. The presence of this syndrome should be considered when there arc* signs 
of congestive heart failure in the absence of tlie usual causes of failure. Three 
of the patients appear to be “cured”; three others are greatly improved, and the 
seventh is now convalescing from tlio operation. Studies of the circulation have 
shown that this syndrome is associated with a decrease in the cardiac output per 
minute and per beat, a rise in the venous pressure and a slowing of the velocity 
of the blood flow. These alterations are related to the obstruction to the flow 
of blood into the heart, i.e., to interference with diastolic filling, and to inter- 
ference with contraction, by the thickened, adherent pericardium. With the in- 
stitution of pericardial resection and the subsequent clinical improvement, the 
measurements of the circulation undergo parallel changes toward or to normal 
There is parallelism in these cases between the clinical manifestations and the 
objective measurements of the circulation. Experience in these cases leads the 
authors to recommend surgical treatment. 


Authors. 
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Woodbury, R. A., Robinow, M., and Hamilton, W. F.: Blood Pressure Studies on 

Infants. Am. J. Physiol. 122: 472, 1938. 

Optical registrations of arterial pressure pulses were obtained by the "hypo- 
dermic manometer” from thirty-seven newborn babies. The same systolic values 
could be obtained by cuff and palpation if the arm band was 2.5 cm. wide. The 
conventional euff of pediatricians gave systolic readings 20 to 25 mm. Hg too low. 

The blood pressures of twenty-four full term newborn infants averaged 80/46 mm. 
Hg. The standard deviation of a single observation was 8.1 mm. Hg (systolic) and 
8.2 mm. Hg (diastolic). 

The infant's blood pressure was found to be not significantly affected by the 
following: 1 , obstetrical anesthesia; 2 , the onset of respiration; 3 , clamping the 
cord after birth, and 4, administration of C0„-0„ to the baby. 

The infant’s blood pressure was affected slightly but significantly by the follow- 
ing: 1, blood pressure level of the (normal) mother r = 0.303 ± 0.063 (diastolic); 
2, toxemia of pregnancy (+10 mm. Hg systolic, +3 mm. Hg diastolic) ; 3, amyl nitrite 
administered to baby (-8 mm. Hg systolie, -7 mm. Hg diastolic), and 4, epinephrine, 
intravenously, 0.2 mg. (+10 mm. Hg systolic, +7 mm. Hg diastolic). 

The infant’s blood pressure was markedly affected by the following: 1 , crying 
(+10 to 45 mm. Hg systolie and diastolic) ; 2, dehydration without collapse (+30 mm. 
Hg systolic) ; 3, administration of fluid to dehydrated babies (-30 mm. Hg systolic) ; 
4, age of infant, and 5, degree of prematurity. 

Authors. 

Gavey, C. J., and Parkinson, John: Digitalis in Heart Failure With Normal 

Rhythm. Brit. Heart J. 1: 27, 1939. 

This investigation was undertaken primarily to decide the clinical value of 
digitalis in heart failure with normal (sinus) rhythm. The secondary purpose was 
to compare its value in such failure with that in auricular fibrillation, which is 
better known. 

Sixty-five patients with heart failure and normal rhythm were observed. After 
one week or more at rest in bed, digitalis leaf was given in a dose of 2 grains 
three times a day, i.e., 6 grains (0.4 gm.) daily, for one to two weeks. The con- 
dition at the beginning of digitalis treatment was compared with that at the 
end. The criteria of failure were dyspnea, liver enlargement, and edema with or 
without hydrothorax; and judgment as to improvement was made on these cri- 
teria together with diuresis. Reduced heart rate was not reckoned as a criterion, 
and it is separately considered. Twenty-five patients had hypertensive heart dis- 
ease, 12 with and 13 without past coronary thrombosis; 11 had chronic rheumatic 
valvular disease; 9 had syphilitic heart disease; and 2 were unclassified. In these, 
the main groups, the majority, 72 per cent, had edema at the end of the week’s 
rest in bed and a quarter of these had nydrothorax, confirmed by x-ray examina- 
tion. 

The control lay in the preliminary rest in bed without digitalis; but for com- 
parison another series of 30 patients with failure and auricular fibrillation was 
observed in the same way. 

Under rest in bed only, in normal rhythm, 17 of 47 (36 per cent) improved; in 
auricular fibrillation, 11 of 28 (39 per cent) improved. 

The main digitalis results are shown by a table, and there are illustrative 
charts of effect and of failure of effect. In normal rhythm some clinical im- 
provement was demonstrated in 35 out of 58 tests (60 per cent) ; and 23 of 08 
showed none. Admittedly 17 received only slight benefit, so that moderate or 
great benefit resulted in 18 only, i.e., 31 per cent of the whole. There was little 
difference in response among the separate etiological groups, though the rheumatic 
group responded best. 
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The heart rate in failure with normal rhythm is moderate, the average in our 
series before digitalis being 85. It was reduced by digitalis in 27 out of the ;>S 
tests (47 patients), i.e., in almost half (40.5 per cent). The average fall in rate 
among those in whom it occurred was from 85 to G7, i.e., IS. This was usually 
secured without toxic symptoms, and when these appeared (20 per cent) they wero 
slight (nausea and rarely vomiting). Whatever the initial rate, digitalis often 
reduced it. Reduction in rate was not always accompanied by clinical improve- 
ment, though improvement was rather more common in the patient who showed it. 
Some good clinical results were seen without any reduction in rate. 

Diuresis was induced by digitalis in 27 of 5S tests (47 patients) in normal 
rhythm. It was freer in patients with gross edema than in those with little or 
none; but some diuresis was obtained almost as frequently in those without as 
in those with edema. 

The course of the disease after the onset of failure in normal rhythm is short — 
IS of 29 patients died within a year — and this in general must lessen the like- 
lihood of improvement from digitalis. Yet in a particular patient the response 
to digitalis is no guide to the expectation of life; and if digitalis fails at a first, 
trial, it may occasional!}- succeed at a later trial. 

Of the patients with auricular fibrillation, 12 lind hypertensive heart disease, 
14 had chronic rheumatic valvular disease, and 4 were unclassified. Clinical im- 
provement was demonstrated in 23 of 32 tests (30 patients), i.e., in 72 per cent; 
and 9 showed none. It was slight in nine, and moderate or great in fourteen, i.e., 
44 per cent of the whole. 

The heart rate was higher than in the normal rhythm series, an average of 
98 against 85, a difference of 13. The rate was reduced by digitalis in the great 
majority, in 28 of 32 tests (S7 per cent). The average fall in rate where a fall 
resulted was from 100 to 70, an average fall of 30. Most of those with slowing 
also showed benefit, but in the absence of slowing there was none. 

The rheumatic group was distinguished by a higher average rate before treat- 
ment, by reduction of the rate in all fourteen enses, and by clinical improvement 
in all but two. Even with a moderate initial rate (below 100), results were better 
in rheumatic than in nonrheumatic fibrillation, though no better than in rheumatic 
cases with normal rhythm. 

Without the rheumatic group, the fibrillation series responded to digitnlis no 
better than the normal rhythm series. In hypertension, for instance, the results 
were similar. 

A mercurial diuretic sometimes administered after a digitalis test nearly always 
produced a free diuresis even where digitalis had failed. In edematous patients 
other than those with rheumatic auricular fibrillation and a high ventricular rate, 
a mercurial diuretic usually has more value than digitalis. Yet a trial of digitalis 
cannot be omitted, for it alone acts directly on the heart. The partnership of a 
mercurial diuretic with digitalis should govern the treatment of heart fniluro. 

Digitalis is always indicated in congestive heart failure irrespective of rhythm, 
but it is often inefficient, as it fails completely in about a third of all cases. 

In heart failure with normal rhythm digitalis is helpful in rather more than linlf 
the cases. 

In heart failure with auricular fibrillation, digitalis is more often helpful than 
it. is in normal rhythm, for it benefits more than two-thirds. This superiority rests 
on its particular value in rheumatic heart failure with fibrillation, largely but not 
entirely due to the high ventricular rate. Incidentally, it is in this group' that rate 
control by continued digitalis best prevents recurrence of the failure. 

The real difference in the response of heart failure to digitalis lies not between 
auricular fibrillation normal rhythm, but rather between rheumatic auricular 
fibrillation and all other kinds of heart failure irrespective of rhythm. 

Authors. 
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THE ELECTROCARDIOGRAPHIC PICTURE OF EXPERT 
MENTAL LOCALIZED PERICARDITIS 


Howard B. Burciieul., M.D.,° Akuie R. Barnes, M.D.,t and 
Frank C. Mann, M.D.J 
Rochester, Minx. 


TN ELECTROCARDIOGRAPHIC studies on dogs, in which the peri- 
cardium had been opened for various reasons, certain postoperative 
changes occurred almost routinely and in a stereotyped manner. The 
chief effect has previously been noted by two of us (Barnes and Mann 5 ) 
and, in brief, consists in high, upright, peaked T waves, attaining their 
maximum in the period from the fifth to the tenth day after operation. 
It n as early noted that if the pericardiotomy had been done on the left 
side the effect was mainly in Lead I, and if on the rigid, side, mainly 
or wholly in Leads II and III. Procedures on 1 lie left side did not pro- 
duce much change in Lead IV (Wolferth), but if done on the right, 
very deep, accentuated T waves were frequently seen. From the 
similarity of these waves to the electrocardiographic picture in acute 
pericarditis m man, it was easy to suppose that they were of similar 
origin. 


The normal electrocardiogram of the dog varies greatly in respect to 
the i pattern ; in general, the most stable electrocardiogram is one with 
T negativity m all leads. The changes in the electrocardiograms to be 
described are not m all eases as important with respect to their form as 

wi i respect to the fact that they are predictable and constant over the 
period of their presence. 

Three causes have been suggested for the electrocardiographic changes 
acute pencarditis: mechanical compression of the heart by fluid an 
inflammatory process involving the myocardium, and a change in’the 
neuromyocarchal balance. Scott, Feil, and Katz,- after observing R-T 
elevation in a case of pericarditis and in another of hematopericardium 
suggested that the etiologic factor concerned is one of coronary S- 
feiency produced by the pressure of the pericardial fluid on the coronary 

•FcHow i n Medicine. The Mayo Foundation, 
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arteries and coronary sinus. Their hypothesis was substantiated by 
obtaining somewhat similar tracings experimentally in dogs by forcing 
fluid into the pericardial sac . 2 This work has been confirmed by the 
observation of Herrmann and Schwab , 3 in experiments on goats, that 
increasing the pressure in the pericardial sac causes elevation of the S-T 
segment. In patients not suffering from an evident acute compression of 
the heart, it is difficult to see the counterpart of these experiments. 
Vander Veer and Norris 4 found no relation between the amount of fluid 
and the electrocardiographic changes in man, and microscopic study of 
the hearts in all cases in which there was a “positive” electrocardiogram 
showed definite subepicardial myocarditis. 

Fowler, Rathe, and Smith , 5 studying the effect upon the electrocardio- 
gram of occlusion of small arterial branches in the dog’s heart, observed 
quite constant changes. In control experiments in which the pericardium 
had been opened, without coronary artery ligation, similar electrocardio- 
graphic changes frequently occurred. This was shown on histologic 
study to have been accompanied invariably by an inflammatory process 
involving the superficial myocardium. They advanced the conception 
that in both instances the electrocardiographic changes were due to the 
same process, namely, a superficial myocardial injury. Many of their 
tracings published at that time are very similar to those obtained by 
Barnes and Mann , 1 and to those presented in this paper. 

The role played by cardiac nerves is obscure ; the evidence that they 
might play any part lies in the following facts. Otto 6 found that if 
the coronary artery supplying the wall of the right ventricle is ligated, 
stimulation of the right accelerator nerves accentuates the electrocardio- 
graphic picture, but stimulation of the left accelerator nerves causes the 
electrocardiogram to return toward normal. Similarly, with ligation of 
the coronary artery supplying the wall of the left ventricle, the electro- 
cardiographic picture is accentuated by stimulation of the left accelerator 
nerves, and modified toward normal by stimulation of the opposite ac- 
celerator nerves. Pezzi, Defrise, and Agostoni 7 discovered that Smitli- 
Pardee waves in dogs disappear after arteriectomy of the ligated vessel. 
Lericlie and his co-workers 8 reported high, upright T waves, particularly 
in Leads II and III, and increase in sinus arrhythmia, after stellate 
ganglionectomy in dogs. We have observed similar, high, peaked T 
waves in the standard leads after stellate ganglionectomy in dogs, and 
have reproduced the same changes by injection of alcohol into the stellate 
ganglia without opening the chest. Somewhat similar high T waves in 
Leads II and III have been seen frequently by us in dogs under ether 
anesthesia. These changes have not been present in man following 
bilateral stellate ganglionectomy for Raynaud's disease in the one case 
observed by us. 

If it were true that the electrocardiographic picture of acute peri- 
carditis were due to a superficial myocardial inflammation, a region of 
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inflammation restricted to one portion oi“ the pericardium might be local- 
ized by the electrocardiogram in the same manner as myocardial infarc- 
tion may be localized. It was found that if the unopened pericardium 
was oversewn loosely with chromic catgut, there developed a region of 
pericarditis which remained localized. At the operation, a matting of 
catgut overlying a normal epicardium was produced, which caused 
inflammation of the pericardium and epicardium, with foreign body 
reaction and adhesions of varying degrees of permanence. 



ocrams p ,. 0 „„ ctlon or 
The experiments were arranged as follows: 

™ SS" ™ The cos. 

oversewn with catgut, the chest closed, and tlm dTgmraed ' o!e' "'“ mJ 1 " 1 °" ^ Skle 
peated on the opposite side. & d ilnd flle Procedure re- 

s' In three dogs the operation was performed on the right side onlv 
3. In three dogs the operation was performed on the lef/’T , J ‘ 

„ £3* r 

opeiation was performed on the other side. ' ' " * hfld returned to normal, 
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5. The electrocardiographic appearance following coronary ligation, as modified by 
the appearance of pericarditis, was studied in many instances, and two examples were 
chosen for presentation. 

All the operative procedures were carried out under ether or intravenous anesthesia 
with positive piessuie insufflation of the lungs. Surgical technique was used through- 
out in all the operations. All the animals remained well and physically active, had no 
roentgenographic evidence of cardiac enlargement, and maintained normal venous 
pressures, measuied diiectly by a manometer. The general well-being of the animals, 
absence of enlargement of the peiicardial shadow, and undisturbed venous pressures 
are taken as evidence that pericaidial fluid, as caidiac tamponade, was playing no 
part in the electrocardiographic picture obtained. 



Fig. 2. — Superficial intei stitial myocarditis as a lesult of experimentally produced 

pericarditis. 

In the first group of dogs, those with bilateral pericarditis (Fig. 1), 
there was an early, fiat or dome-shaped elevation of the S-T segment 
in all the standard leads, with depression of the segment in the chest 
lead (Wolferth). In the one dog this was more striking than in the 
other. This elevation gradually disappeared on the third day, being re- 
placed by positivity of the T waves in the standard leads and deepening 
of the T wave in the chest lead. The T waves in the second and third 
leads increased in amplitude until the seventh day, and were associated 
with a high take-off of the S-T segments in those leads. Thus the picture 
of pericarditis in the human electrocardiogram was quite well repro- 
duced, although the elevation of the S-T segment never reached the same 
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magnitude as that seen in the human cases. One dog was killed on the 
seventh day for study of the myocardium and pericardium. Extensive, 
but localized, regions of a granulomatous inflammation were present 
between the pericardial surfaces, which, however, could be quite readily 
separated. The inflammatory exudate extended into the superficial 
muscle bundles, so that there was no doubt that a superficial interstitial 
myocarditis was present (Fig. 2). The electrocardiogram of the other 
dog returned to normal on the fourteenth day. The animal was killed 
three weeks after the operation, and the only remaining findings were 
firm, fibrous adhesions, with slight epicardial thickening, in two localized 
regions over each ventricle. 



,J U * e s ® cond grou P of dogs, those with pericarditis on the right side 
lg ' 3 'l t lere was an earl y, slight, horizontal elevation of the S-T seg- 
ment which was limited to Leads II and III. By the fourth day there was 
a gradual change of the T waves in these leads to the upright type with 
a deepening of the T wave in the fourth lead (Wolferth). The T waves 
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increased in size, usually had a peaked appearance, and were associated 
with a high take-off of the S-T segment. The greatest magnitude of the 
changes was generally reached on the seventh day. The T wave in Lead 
I remained unaffected. One of the dogs was killed on the seventh day 
for study of the inflammatory process. The pathologic processes in the 
other dogs were studied after their electrocardiograms had returned to 
normal. 



Fig. 4. — Electrocardiograms before and after experimental production of pericarditis 

over left ventricle. 

In the third group, those with “left-sided pericarditis (Fig. I)? 
there was generally an analogous slight tendency for early elevation of 
the S-T segment, which was limited to, or predominant in, Leads I and 
II. At the twenty-four-hour period there was a low S-T interval with a 
positive T wave in the fourth lead. This type of tracing in the AVolfertli 
lead not uncommonly occurs at this early period in many operations on 
the heart, and it is deemed of significance only when considered in rela- 
tion to the standard leads. In the animals of tills third group the T 
waves in Lead I later became upright, with an associated high S-T take- 
off, hut the change was never as striking as in Lead III with the lesion 
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on the right side. The electrocardiographic changes increased gradually 
and attained their maximum on about the seventh day, with return to 
normal by about the fourteenth day. In this group also, one dog was 
killed when the changes were thought to be greatest, and the others 
allowed to live until after the electrocardiograms had returned to normal. 
The pathologic findings in the dogs of the second and third groups were 
in all respects similar to those described for the first group, except that 
the inflammatory process was localized to the wall of one or the other 
ventricle. The superficial myocarditis was evident in all the dogs 
examined when the electrocardiographic changes were present . 



EleCt p?odte a o n n S l e ft ef s Ui e e, anS^fte^proclucUo^on^’iglft 3S2“ rtUtta ' after 


In the dog on which operation was performed on each cPle , ui 
intervening time period duriim which the P v d ’ Wlth an 

hon of the segment, were present predominantly in Lead I?Xtfta 
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tlie second operation, on the other (right) side, the characteristic changes 
occurred in Lead III. Lead II was affected to a lesser extent, hut in a 
similar way, in both instances. The electrocardiographic changes in this 
dog are representative of those in many dogs whose pericardiums had 
been opened on each side on successive occasions. 

When coronary occlusion has been produced, the electrocardiographic 
pattern shows, after the fourth day, superimposed features which we 
believe are characteristic of acute pericarditis (Figs. 6 and 7). In the 



Fig. 6. — Electrocardiograms before and after occlusion of right coronary artery and 

acute pericarditis. 

middle tracing of Fig. 6, the characteristic electrocardiogram of occlusion 
of the right coronary artery is present, except for depression of the RS-T 
interval in Lead I. It is possible that at this time the effect of the early 
pericarditis had already projected itself into the electrocardiogram by 
raising the RS-T interval to normal in this lead. On the ninth day, 
peaked T waves with a high RST interval were present in all the stand- 
ard leads. The dog, when examined on the post-mortem table the follow- 
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ing day, showed a generalized fibrinous pericarditis and occlusion of the 
right coronary artery, but no gross infarction of the wall of the right 
ventricle. 

Electrocardiographic tracings taken after occlusion of the anterior 
descending branch of the left coronary artery aic to lie seen in Pig. (. 
The early picture is to be compared with that in Pig. 4, which illustrates 
the effect of pericarditis over the left ventricle only. The upright, 
peaked T wave in Lead I in the last tracing from this dog is unassociated 



Ei&. 7. Electrocardiograms before and after occlusion of anterior descending branch. 

with a similar change in Lead II. This behavior of T may be due to 
pericarditis, or it may be an expression of healing of the infarct, inde- 
pendent of pericarditis. 

There were available for these studies two pairs of litter mates, each 
pair having similar and remarkably constant control electrocardiographic 
tracings. In one of each pair the pericarditic lesion was produced on the 
right side, while in its mate the left side was operated on. The contrast- 
ing changes in the electrocardiogram of the right-sided and left-sided 
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pericarditie picture were more evident in these than in other pairs of 
dogs not of the same litter. 

That the electrocardiographic tracing of localized pericarditis was 
stable at given stages was evidenced, in part, by the fact that its form 
was not changed by the intravenous administration of adrenalin or 
acetylcholine. Both of these drugs frequently cause high T waves in 
Leads II and III in the normal dog. Digitalis (8 cat units in forty-eight 
hours) was given to three of the dogs, which weighed between 8 and 10 
kg. There was no obvious effect in one dog, but in the other two the 


Injection of stellate oanyia with alcohol 
Before After hours After Z months 



Fig. 8. — Electrocardiograms before and after injection of alcohol into stellate ganglia. 

accentuated, upright T in Lead I, due to pericarditis, became negative 
after the full dose. There was a definite hut less marked effect in Leads 
II and III. 

COMMENT 

In these experiments we have introduced further evidence that the 
electrocardiographic picture of pericarditis is due to a subepicardial 
myocarditis. It is believed that, in the experiments presented, cardiac 
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compression played no part. It is with some hesitation that a comparison 
is drawn between the electrocardiographic picture following injection 
of alcohol into the stellate ganglia in the dog and that of acute peii- 
carditis. However, the close similarity of the tall, peaked T waves seen 
in the two conditions (compare Fig. 4, third tracing, with Fig. 8, second 
tracing) and certain similarities observed in the T wave in the pre- 
cardial lead attract attention. The possibility that a neurogenic mecha- 
nism might play some role in the electrocardiographic changes observed 
following pericardial injury has to be kept in mind. It is of note that 
both the dogs with pericarditis and the dogs whose stellate ganglia had 
been injected or removed showed an increase in sinus arrhythmia. In 
this paper the cause of the electrocardiographic picture of chronic peri- 
carditis in man is not discussed, although certain of the etiologic factors 
which are considered might be pertinent to its development. 

If pericarditis produces varying electrocardiographic effects dependent 
on the region of its greatest localization, we have perceived the possi- 
bility of certain clinical applications. Among other things, it suggests 
that the picture of coronary thrombosis in man, complicated by peri- 
carditis, as described by one of us (Barnes 0 ) (elevated RS-T segments 
in all the standard leads), is due to a pericarditis that is not localized. 
Acute pericarditis complicating infarction of the posterior wall of the 
left ventricle in man may spread to involve the adjacent portion of the 
wall of the right ventricle or to the anterior wall of the left ventricle. 
Similarly, pericarditis associated with infarction of the anterior wall of 
the left ventricle may extend over the adjacent part of the wall of the 
right ventricle or to the posterior wall of the left ventricle. Since peri- 
carditis localized to the region of the left ventricle in dogs has been shown 
to produce an elevation of the RS-T segments solely, or predominantly, 
in Leads I and II, and since acute infarction of the anterior wall of the 
human left ventricle tends to produce a similar displacement of the RS-T 
segment of Lead I, or of Leads I and II, it is possible that pericarditis 
localized in the region anterior to the left ventricle and complicating 
acute infarction of the wall of the left ventricle in man might not be 
indicated by electrocardiographic changes. For a like reason, it is 
possible that pericarditis confined to the region of the left ventricle and 
complicating acute infarction of the posterior wall of the left ventricle 
in man might not be reflected in the electrocardiographic pattern. The 
question arises whether tall, peaked T waves appearing in the evolution 
of the electrocardiographic pattern of acute myocardial infarction signify 
involvement of the myocardial layer contiguous to the epicardium, either 
because the infarct extends to involve the full thickness of the ventricular 
wall or because it is confined to the outer portion of the ventricular 
muscle. 

It is to be noted that, in these experiments on localized acute peri- 
carditis, the walls of the right and left ventricles of the dog have 
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generally acted as units, and by analogy from experiments on coronary 
ligation, would be expected to correspond to the anterior and posterior 
walls of the left ventricle in the human. 

Another application of the electrocardiographic localization of super- 
ficial myocarditis may be considered. It is known that the electro- 
cardiographic pattern of acute pericarditis may be associated with in- 
vasion of the pericardium by a malignant lesion. It would be expected 
that occasionally the site of this invasion, if localized, might be reflected 
by the electrocardiographic changes produced. 


CONCLUSIONS 

Evidence has been presented that the electrocardiographic picture of 
acute pericarditis is attributable to subepicardial myocarditis. 

Localized pericarditis has been produced in dogs and characteristic 
electrocardiographic patterns obtained. 
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THE PROGNOSIS OF INTRAVENTRICULAR BLOCK c 
b. G. Kaplan, M.D., and b. N. Katz, M.D. 

OlIICAtiO, I Mi. 

I N THE past few years the prognosis of intraventricular conduction 
defects has received considerable attention. It was the prexailing be- 
lief until recently that the presence of intraventricular block was a very 
serious omen. Now it is becoming recognized, as a result of the increas- 
ing use of electrocardiography as a clinical aid. that the lesion itself is 
not necessarily of grave importance. 

The pathogenesis of intraventricular block has recently been sum- 
marized admirably by Voter. 1 (Jrayhicl and Sprague* and King," among 
others, state that most of their patients died within fourteen months 
after the cardiac lesion was first recognized. However, Wood et al., 4 
concluded that, in the absence of other signs of heart disease, bundle 
branch block is not necessarily an ominous sign. Sampson and Nagle" 
then pointed out in their follow-up series that although there is a high 
mortality rate in the first year after discovery of the lesion, a remarkable 
diminution in the mortality rate occurs in Ihose patients who survive 
this period. Bishop/' in the most recent survey, is in accord with this 
conclusion. 

We have recently conducted a follow-up study of private and service 
patients with hit ra vent rieula. block whose records were made at the 
Michael Reese Heart Station during the past eight years. We present 
our results to extend and assist clarification of Ibe prognostic survey. f 
In our series we were able to obtain complete data on 12(> patients 
whose electrocardiographic tracings were interpreted as showing in- 
traventricular block. Our criterion of intraventricular block is a QRS 
interval of longer than 0.11 second's duration. We have been using the 
following classification for the past, several years in order to avoid the 
polemic as to location of the conduction defect: 

1. In intraventricular block of the common bundle branch type the 
QRS is upright in Lead I and inverted in bead 111, the amplitude of 
its major phase is more than 5 millivolts, and the T wave (with or with- 
out the S-T segment) is deviated in a direction opposite to the major 
phase of the QRS deflection in these loads. 

2. In intraventricular block of the uncommon bundle branch type the 
QRS is inverted in bead I and upright in Lead III, Hie amplitude of its 
major p hase is more than 5 millivolts, and the T wave (with or without 
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the S-T segment) is deviated in a direction opposite to the major, or 
final, phase of the QRS deflection in these leads. 

3. In intraventricular block of indeterminate (a) concordant type, 
the QRS deflections are all in the same direction in the three limb leads, 
usually upright, and the amplitude of the major phase is more than 
5 millivolts, (b) S type, the QRS is diphasic and the prolongation is con- 
fined chiefly to the second phase (and the amplitude of its major deflec- 
tion is more than 5 millivolts), and (c) arborization type, the major de- 
flection in each of the limb leads is less than 5 millivolts in height. 

We have used the above classification because investigations have 
shown that the direction of the QRS complex is determined by other 
factors than the block and, therefore, cannot be readily employed by 
itself in determining which bundle branch is involved. 8 

The data on these patients were obtained from the information on 
file in the Heart Station, from the patients’ hospital or clinic records, 
and from information supplied by their private physicians and by a 
follow-up investigation carried out on service patients by the Social 
Service Department. The data of our analyses are summarized in Tables 
I to IV. 

Table I 

Age Distribution of Patif.nts With Intraventricular Block 


AGE GROUP 

NUMBER LIVING 
AT TIME OF 
SURVEY 

NUMBER DEAD 
AT TIME OF 

SURVEY 

TOTAL 

NUMBER 

PER CENT 
DISTRIBUTION 
OF ALL CASES 

20-30 yr. 

2 

2 

4 

3 

30-40 yr. 

2 

1 

3 

2 

40-50 yr. 

7 

12 

19 

15 

50-60 yr. 

14 

16 

1 30 

24 

60-70 yr. 

20 

32 

52 

42 

70-80 yr. 

6 

i 11 

1 17 

1 13 

> 80 yr. 

0 

1 

1 

1 

Total 

51 

75 

126 

■ 


Table II 

Patients With Intraventricular Block Distributed With Regard to Duration 
of Life After Lesion Was First Recognized in the Electrocardiogram 


LIVING UP TO THE END OF, 
OR DEAD WITHIN, 
the 1st year 
the 2nd year 
the 3rd year 
the 4th year 
the 5tli year 
the 6th year 
the 7th year 
the 8th year 


PATIENTS LIVING AT TIME 
OF SURVEY 
22% of all alive 
32% of all alive 
24% of all alive 
6% of all alive 
4% of all alive 
4% of all alive 
4% of all alive 
4% of all alive 


PATIENTS DEAD AT TIME 
OF SU RVEY 

80% of all dead 
10% of all dead 
1% of all dead 
4% of all dead 
1% of all dead 
0 of all dead 
2% of all dead 


Of the 126 patients on whom we were able to obtain adequate data, 
66 per cent were between the ages of 50 and 70 years (Table III). An 
additional 14 per cent were 70 years of age, or older. This agrees with 
the common- conception that intraventricular block is associated with 
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Table TV 


Distribution of Patients With Intraventricular Block According to Type 

and Etiology 



TYPE 

PER 

CENT 

OF 

TOTAL 

CASES 

NO. 

OF 

CASES 

NO. WITH 

CORO- 

NARY 

ARTERY 

DISEASE 

OR 

HYPER- 

TENSION 

NO. 

WITH 

SYPHILIS 

NO. 

WITH 

RHEU- 

MATIC 

HEART 

NO. 

WITH 

CONGEN- 

ITAL 

HEART 

DISEASE 

Common 

Dead at time 


40 

37 

2 

1 

0 

bundle 

branch 

of survey 
Alive at time 


27 

26 

] 

1 

0 

0 

type 

of survey 


1 

— 

— 


— 


Both groups 

53% 

67 ; 

63 

3 


0 

U ncomrmo-n 

Dead at time 


9 

7 

0 


0 

bundle 

branch 

of survey 
Alive at time 


4 

1 

0 

1 I 


1 

type 

of survey 






— 


Both groups 

; io% 

I 1 

49 


4 

1 

Induter- 

Dead at time 

II 

mms 


3 

3 

0 

minute 

type 

of survey 
Alive at time 


22 


0 

0 

i 1 


of survey 
Both groups 

37% 



3 

3 

1 


Total 


126 


7 

S 

2 

Per cent 

of total 

100% 

87% 

5% 

6% 

2% 

Per cent 
alive at 

of each group 
time of survey 

40% 

44% 

30% 

25% 

100% 

Per cent 

of each group 

60% 

56% 

70% 

75% 

0% 


dead at time of survey 


constitute 40 per cent of the entire series reviewed here, and 30 per cent 
of the entire series have already lived 2 to 8 years. 

These findings have led us to the conclusion, which is in accord with 
that of Sampson and Nag'le, 5 that a high mortality rate occurs within the 
first year of the discovery of the lesion, but that the individuals who 
survive this dangerous period have a materially increased chance of 
living for many years. Two patients in this series who have already 
lived 8 years have minimal cardiac complaints. Bishop 7 reported that 
one patient was living after 16 years. This study suggests that although 
permanent intraventricular block is evidence of serious involvement of 
the myocardium, unless other cardiac findings are present the lesion it- 
self does not necessarily indicate an ominous prognosis. 

We have analyzed the relation of the configuration of the electro- 
cardiogram in intraventricular block to the prognosis. The greatest 
number of our patients (53 per cent) had the common bundle branch 
type of intraventricular block (Table IV). The next largest number 
(37 per cent) had one of the indeterminate types, and the uncommon 
bundle branch type was least common (10 per cent). The highest death 
rate occurred in the patients with the uncommon type (70 per cent), 
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although this group comprised only a small percentage of the entire 
series. The death rate of the patients with the common and inde- 
terminate types of bundle branch block was similar, 59 and 53 per cent, 
respectively. It is thus noted that the higher death rate occurred in 
those patients who constituted only a small portion of the entire group 
(10 per cent), and the differences in death rate are probably not 
statistically significant. It would thus appear that the type of in- 
traventricular block plays no significant role in the prognosis. There 
was also no correlation between the prognosis and the severity of the 
conduction defect as estimated by the QRS duration. 


SUMMARY 

1. We have recently conducted a follow-up study of a series of 126 pa- 
tients whose electrocardiograms conformed to the criteria for the various 
varieties of intraventricular block, all showing a QRS duration of 0.11 
second, or more. 

2. The character of the underlying disease, rather than the presence 
or absence of intraventricular block, determines the prognosis, although 
the presence of intraventricular block carries with it a high mortality 
rate in the first year (particularly in the first three months). 

3. We found a high fatality rate within a year of the discovery of the 
conduction lesion. Patients surviving this period have a materially 
better life expectancy. Apparently, a relatively benign type of in- 
traventricular block occurs. 

4. Neither the configuration of the electrocardiogram nor the dura- 
tion of the QRS deflection is of prognostic significance. 

Addendum. — After our report was in press, another communication dealing with 
this subject was published by If. A. Freund and R. Sokolov: Bundle Branch Block, 
Arch. Int. Med. 63: 31S, 1939. They reviewed 179 cases and came to essentially the 
same conclusions. 

We wish to acknowledge our indebtedness to the physicians of the Hospital staff 
for kindly supplying us with information concerning their patients. 
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THE EFFECT OF OXYGEN ON THE EXERCISE TOLERANCE 
OF PATIENTS WITH ANGINA PECTORIS 

Joseph E. F. Riseman, M.D., and Morton G. Brown, M.D. 

Boston, Mass. 

IT HAS been shown that a relatively constant amount of work under 
*■ standard conditions induces attacks of angina pectoris in a given 
patient. It is possible, therefore, to study the influence of various 
agents on this condition. 1, 2 > 3 The present communication describes the 
effect of breathing high concentrations of oxygen on the amount of work 
which patients with angina pectoris can do before developing pain. 

METHODS 

Seventeen patients with angina pectoris were studied in the present investigation. 
The exercise tolerance of each individual had been determined on at leftst fifty occa- 
sions during the preceding year. The tests were carried out in a room at constant 
temperature (45-55° F.), and consisted of having the patients repeatedly mount and 
descend a two-step staircase until an attack of angina developed. 1 The exercise was 
carried out at least one hour after a light breakfast; only one test was performed 
on any given day; and no medicament was taken by the patient for one week prior 
to the test. 

The effect of oxygen was studied by having these individuals inhale pure, undi- 
luted oxygen for ten minutes while standing at rest, and then having them exercise 
under the usual standard conditions while they continued to breathe oxygen. A series 
of Douglas bags connected to a stationary manifold served as a reservoir for the 
oxygen. Rubber tubing with an inside diameter of % inch was led from this reser- 
voir to a Krogh valve, in order to prevent rebreathing; the tubing and the valves 
were attached to the patient in such a way as to allow exercise witli complete free- 
dom. Control experiments were carried out in a manner which was identical except 
that the Douglas bags were filled with room air instead of oxygen. The patients 
were not aware of the composition of the gas breathed or its possible effect on their 
exercise tolerance. 

RESULTS 

Breathing room air from the Douglas bags did not increase the exer- 
cise tolerance of a single patient tested, and in several instances ac- 
tually caused a decrease in the amount of work which could be done 
before developing angina (Table I). 

Breathing oxygen from the Douglas bags enabled eleven of the 
seventeen patients to do considerably more work; four exercised until 
forced to stop because of fatigue without developing pain (Table I). 
Nine of these eleven patients were 39 to 53 years of age, and the re- 
maining two were 57 and 58 years old. In seven patients, more than 
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Table I 


The Effect of Breathing Oxygen on the Amount of Work Which Can Be Done 
by Patients With Angina Pectoris 


PATIENT 

AGE 

exercise tolerance 
breathing room air 

WITHOUT APPARATUS 

SEX TRIPS 

EXERCISE TOLERANCE 

BREATHING ROOM AIR 
WITH APPARATUS 

TRIPS 

EXERCISE TOLERANCE 
BREATHING OXYGEN 

WITH APPARATUS 
PER CENT 

TRIPS INCREASE 



Group A 

11 Patients Benefited by Breathing Oxygen 


S.R. 

57 

M 

33 

35 

61 

85 

H.B. 

53 

M 

03 

36 

100* 

59* 

E. A. 

5S 

M 

2S 


41 

46 

P.R. 

52 

M 

•11 

31 

56 

37 

S.W. 

39 

M 

37 


50* 

35* 

M.F. 

39 

M 

30 


40 

33 

H.Shl. 

53 

M 

40 

4S 

60* 

30* 

B.K. 

52 

F 

20 

19 

25 

25 

L.W. 

51 

M 

42 


52 

24 

M.R. 

4S 

M 

40 


48 

20 

D.W. 

53 

F 

37 


44* 

19* 



Group B 

6 Patients Not Benefited by Breathing Oxygen 


B.A. 

51 

M 

45 

35 

47 

4 

M.L. 

61 

M 

37 

2S 

38 

n 

O 

J.S. 

57 

M 

32 


32 

0 

R.S. 

59 

M 

24 


24 

0 

H.Slir. 

61 

M 

30 

22 

29 

-3 

J.M. 

62 

M 

30 


26 

-13 


*No attack of angina precipitated ; patient ceased exercise because of fatigue. 


thirty-five trips were necessary to induce pain while breathing room air ; 
the other four patients developed pain on less than thirty -five trips. 

The remaining six of the seventeen patients were not able to do any 
more work while breathing oxygen. Only one of these patients was 
less than 53 years of age, and only two could perform more than thirty- 
five trips before developing angina. 


COMMENT 

It is evident that many patients with angina can do more work before 
developing pain if they breathe oxygen before and during exertion. 
Patients older than fifty- five and those who can do only a relatively 
small amount of work before developing pain are less likely to be bene- 
fited than those who are younger and have a relatively high exercise 
tolerance. 

These findings are consistent with the anoxemia theory of angina 
pectoris. Richards and Barach 4 have shown that breathing air enriched 
with oxygen during rest increases the oxygen content of the arterial 
Hewlett - Barnett, and Lewis 5 found that exercise results in a 
.mailer use of blood lactic acid if carried out while breathing oxygen- 
em iched air. Breathing oxygen both before and during exertion there- 
fore tends to prevent myocardial anoxemia and its sequelae ’ These 
mechanisms however, do not entirely compensate for a deficient 
nary flow, for we find that the more elderly patients with a datively 
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small tolerance to exercise, who presumably have a greater degree of 
coronary arteriosclerosis, are less likely to be benefited by oxygen. 
Furthermore, many of those patients who are helped by oxygen in- 
halation will develop pain if they exercise for sufficiently long periods 
of time. 

Rothschild and Kissin 0 have shown that attacks can be induced in 
some patients with angina by having them breathe room air depleted of 
its oxygen. The present investigation adds additional evidence in favor 
of the anoxemia theory, for it shows that attacks of angina can be pre- 
vented by preventing anoxemia. 

REFERENCES 

1. Riseman, J. E. F., and Stern, B. : A Standardized Exercise Tolerance Test for 

Patients with Angina Pectoris on Exertion, Am. J. M. Sc. 188: 646, 1934. 

2. Biseman, J. E. F., and Brown, M. G.: Medicinal Treatment of Angina Pectoris, 

Arch. Int. Med. 60: 100, 1937. 

3. Brown, M. G., and Biseman, J. E. F. : The Comparative Value of Purine Deriva- 

tives in the Treatment of Angina Pectoris, J. A. M. A. 109: 256, 1937. 

4. Bicliards, D. W., and Barach, A. L.: Prolonged Besidenee in High Oxygen At- 

mosphere, Quart. J. Med. 3: 437, 1934. 

5 . Hewlett, A. W., Barnett, G. D., and Lewis, J. If.: The Effect of Breathing 

Oxygen Enriched Air During Exercise Upon Pulmonary Ventilation and Upon 
Lactic Acid Content of Blood and Urine, J. Clin. Invest. 3: 317, 1926. 

6. Rothschild, M. A., and Kissin, M. : Production of the Anginal Syndrome by In- 

duced General Anoxemia, Am. Heart J. 8: 729, 1933. 



CARDIAC NEUROSIS ASSOCIATED WITH ORGANIC 
HEART DISEASE 

SIDNEY S CIIN UK, M.D. 

Brooklyn, N. Y. 

T he clinical picture presented by any patient with organic disease 
may be clouded by a superimposed neurosis. 1 ' - Proper therapy and 
exact prognosis depend on recognition of, and attention to, this psycho- 
genic component. 

Although cases of cardiac neurosis associated with organic heart, dis- 
ease occur not infrequently, the proper diagnosis is often missed. The 
fault lies in the erroneous teaching that the diagnosis of neurosis is to 
be entertained only when organic disease has been excluded by negative 
physical, fluoroscopic, roentgenographie. and electrocardiographic find- 
ings, thus suggesting that combined neurotic and organic heart disease 
cannot exist. However, this is decidedly contrary to the vast experience 
of many clinicians. 11 ' 12 

An investigation was undertaken to determine what criteria were 
of value in the diagnosis of cardiac neurosis, particularly when asso- 
ciated with organic heart disease. One hundred seventy-two cardiac 
patients, the subject of this study, were classified into three groups : 
(a) those with organic heart disease, i.e., definite lesions, with orthodox 
symptoms, such as pain, dyspnea, orthopnea, etc.; (b) those with cardiac 
neurosis, i.e., precordial and other complaints, for which no organic 
basis could be demonstrated by present diagnostic methods; and 
(c) those with a cardiac neurosis associated with organic heart disease, 
i.e., definite cardiac lesions, with the same symptoms and signs as the 
patients in groups (a) and (b). Attention was directed to the predis- 
posing and exciting factors of neurosis, its symptoms and its signs, and 
to a therapeutic test which aided in differentiating between the signs 
and symptoms due to neurosis and those caused by organic disease. 

CONSTITUTIONAL AND PREDISPOSING FACTORS 

Any person may develop a neurosis, individual differences being 
merely quantitative . 8 - n - 10 The family history of several patients re- 
vealed a congenital predisposition. The hypersensitive, emotionally un- 
stable individual with evidence of autonomic imbalance is most sus- 
ceptible to neurosis, while the phlegmatic, calm patient succumbs only 
when the exciting factor is of unusual severity. Women at the time of 
the menopause are particularly prone to develop a neurosis . 11 The pres- 
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enee of organic heart disease seemed to be a factor in localizing the 
neurosis to the precordium, which is in accord with the psychiatric 
teaching that neurosis is often referred to a pathologic organ, i.e., the 
“organ inferiority” of Adler and “somatic compliance” of Freud. 21 It 
is an axiom that “the eardiopatli tends to become a neuropath.” 51 

EXCITING CAUSES 

The chief precipitating cause of cardiac neurosis in a person suffering 
from heart disease is usually the physician who exaggerates the severity 
of the disease, warns the patient of impending doom, and places long 
unwarranted restrictions on normal social and economic life. This 
was responsible for the majority of the cases in this series. Next in fre- 
quency was an anxiety neurosis initiated by abnormal precordial sensa- 
tions due to premature beats, tachycardias, auricular flutter, and auricu- 
lar fibrillation. In several eases, a compensation neurosis was precipi- 
tated by trauma to the left chest. Press reports of the sudden death of 
prominent men from coronary thrombosis occasionally caused acute 
anxiety in patients who had suffered from this disease. Other typical 
exciting causes were the death of a friend, relative, or fellow cardiac 
patient, legal difficulties, loss of position, disappointment in love, and 
business reverses. 

SYMPTOMS 

Pain was more frequently a presenting symptom in cardiac neurosis 
than in organic heart disease, except in cases of coronary thrombosis. 
One hundred per cent of those with coronary occlusion had abnormal 
precordial sensations. Forty-two per cent of those with organic disease, 
80 per cent of those with organic heart disease and neurosis, and 96 per 
cent of those suffering only from cardiac neurosis had precordial dis- 
tress (Table I). 


Table I 

Pain, Deep Tenderness, and Superficial Hyperalgesia in Various Types of 

Heart Disease 


1 

TYPE 

total 

PAIN 

1 

1 

PAIN AND DEEP 

tenderness 

1 PAIN, 
NESS 

FICIAL 

DEEP tender- 

, AND SUPER- 
HYPERALGESIA 



No. 

% 

No. 

A* 

B* 

No. 

c*- 

D* 

Organic heart 

109 

46 

42 

6 

5 

13 

2 

2 

33 

disease 


1 








Org. heart disease 

25 

20 

80 

15 

60 

75 

14 

56 

93 

with neurosis 










Cardiac neurosis 

25 

24 

96 

20 

80 

83 

20 

80 

100 

Coronary occlusion 










Early 

13 

13 

100 

I 

8 

8 

1 

S 

100 

Convalescent 

11 

7 

63 

7 

63 

loo ! 

7 

63 

100 


*A — Per cent of -whole group. 

B — Per cent of those with pain. 

C — Per cent of whole group. 

D — Per cent of those with pain and tenderness. 
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The description of the pain in the neurotic group appeared to be 
characteristic. It was described as sticking, stabbing, darting, lancinat- 
ing, “pins and needles,” or twinges most frequently localized beneath 
the left nipple and occasionally radiating to the angle of the left scapula. 
Some patients noted a residual soreness, which is rare in organic disease. 
Similar findings have been described by other authors. 10 - in - 20 This type 
of pain, with its localization and radiation, could be recognized in eases 
of neurosis associated with organic disease as well as in patients with 
uncomplicated cai’diac neurosis. It is known to be benign and to have 
no effect upon prognosis. No patient with only neurosis had substernal 
distress. 

In the coronary group, the pain described was generally of two 
varieties. Acute pain was characterized as cramplike, squeezing, or 
pressing somewhere near the midline, with neither sternal nor epigastric 
tenderness or hyperalgesia. During convalescence, whenever pain was 
present, it was most often identical with that described in the “neu- 
rotic” group. Several patients who had been taught to test themselves 
for hyperalgesia reported inframammary twinges, “needles,” etc., more 
frequently than their neighbors whose attention was mot focused on the 
preeordium. These sensations were of relatively short duration and 
were accompanied by tenderness and hyperalgesia. Psychic disturb- 
ances, such as that caused by the death of a neighbor, excitement during 
visiting hours, or anxiety the day before becoming ambulatory, occasion- 
ally increased the severity and duration of the distress. It was relieved 
successfully by the same therapy as was used in neurosis. 

Weakness was a common complaint, the patient lying in bed seemingly 
exhausted even though there had been little or no expenditure of energy. 
The asthenia was always attributed by the patient to the “weak heart.” 

Sighing respiration was a concomitant of the asthenic state and is 
usually considered pathognomonic of neurosis. 5 - 23 This is occasionally 
misinterpreted as “shortness of breath” or “difficulty in breathing.”' 

Insomnia was caused by involuntary mental activity due to a. con- 
tinuous uncontrolled flow of words and thought into consciousness. 
Neither pain nor dyspnea was responsible for insomnia. 

Binging, pounding, or beating in the ears or temples, synchronous 
with the pulse, was a disturbing feature. Insomnia and ringing induced 
a vicious cj r cle. 

Other common symptoms were fainting, faintness, dizziness, nervous- 
ness, irritability, and flushes. 




Deep tenderness was elicited in the inframammary area in 5 per cent 
of patients having organic heart disease and in 80 per cent of those 
suffering from neurosis alone; 13 per cent of those in the organic group 
who suffered precordial pain also had deep tenderness, whereas 75 per 
cent of those with combined organic and neurotic heart disease and 83 
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per cent of the neurotics had deep tenderness associated with their pain. 
Tenderness was always localized to the inframammary area. It seldom 
occurs with pericarditis and is more often associated with nonorganie 
heart disease than with organic disease. Only one patient with acute 
coronary occlusion had inframammary tenderness associated with pain 
(Case 9). Inframammary tenderness, if not caused by extracardiae 
disease, is valuable evidence for the presence of cardiac neurosis. 10 - 22 - 24 

Superficial hyperalgesia was demonstrated in less than 2 per cent of 
those with organic disease, whereas the incidence in cardiac neurosis 
was 68 per cent. Every patient with cardiac neurosis who had pre- 
cordial pain and tenderness also had hyperalgesia, but this was true in 
only one-third of the patients with organic disease. 

THERAPEUTIC TEST 

An uncomplicated cardiac neurosis responds moderately well to 
simple forms of psychotherapy. However, it is quite difficult to con- 
vince patients who are cognizant of their organic disease that certain 
preeordial sensations are of no significance. 

The frequent finding of hyperalgesia suggested the injection intra- 
dermally of novocain into the affected area. It was surprising to note 
not only the immediate disappearance of hyperalgesia, tenderness, and 
pain, but also of symptoms not associated with the precordium which 
had been regarded as neurotic in origin. It was found unnecessary to 
inject the entire hyperalgesic area. The ethyl chloride spray, and, at 
times, saline intradermally and the oral administration of a red-colored 
placebo were found to be equally effective. Relief from symptoms 
varied from hours to months. 

The procedure utilized Osier’s 32 three elements in the treatment of 
neurosis, i.e., a personality, various accessories, and suggestion. (1) 
The painful area was indicated by the patient. (2) Tenderness to finger 
pressure was demonstrated. (3) The hyperalgesic area was outlined 
with a pencil. The three areas invariably coincided. (4) The virtue of 
the medication to be used, its infallibility, and the immediate cure were 
stressed to the patient. (5) One or more small intradermal wheals were 
raised with 2 per cent novocain or saline in the area of hyperalgesia. 
(6) Immediately thereafter the disappearance of hyperalgesia over the 
wheals was demonstrated. Exploration of distant, noninjected, pre- 
viously hyperalgesic areas showed them to be normal. (7) Tenderness 
and pain vanished. (8) Other symptoms, such as headache and dizzi- 
ness, considered to be neurotic in origin, were frequently relieved. 

The criteria for a positive therapeutic test are (1) immediate disap- 
pearance of pain, tenderness, and hyperalgesia, (2) relief of other 
symptoms not related to the precordium, (3) duration of relief for more 
than twenty-four hours, and (4) frequent recurrence of signs and symp- 
toms due to psychic trauma or suggestion. 



SCHNUR : CARDIAC. NEUROSIS 


157 


Although novocain lias been injected intracutaneonsly occasionally to 
relieve visceral pain, 33 - 34 - 3r - 30 in most cases large quantities are used to 
block extensive areas of skin. In this series, organic pain was not re- 
lieved by the method described above. Moreover, in these cases criteria 
2, 3, and 4 were not satisfied, making the therapeutic test negative. 


REPORT OP CASES 

Several cases are reported to demonstrate various features of cardiac 
neurosis associated with organic heart disease. 

Case 1. — Old coronary occlusion, cardiac neurosis. Constitutional factor: 5-1- 
year-old Irishman, unemployed, homeless. Precipitating factor: Six months previ- 
ously, patient suffered a coronary thrombosis. He remained in the hospital for five 
months because of recurrent attacks of preeordinl pain which were assumed to be 
small recurrences, although there was no electrocardiographic or laboratory evidence. 

Symptoms: Sticking pain beneath left nipple, inability to bend forward. 

Signs: Inframammary tenderness and hyperalgesia. 

Therapeutic test: Positive. All chest complaints disappeared immediately. Two 
days later when informed he would he discharged he developed intractable pain in 
the feet. 


Comment . — Not every new precordial pain or ache in a patient with a 
known coronary occlusion is evidence of a new lesion. Physicians are 
fearful to assume, however, that it is benign, and many patients are 
invalided for a longer time than is necessary because of this fact. 37 A 
therapeutic test may he helpful in diagnosing superimposed neurosis. 

Case 2. — Recent coronary occlusion, nodal tachycardia, intractable shoulder pain, 
“brachial neuralgia,’’ cardiac neurosis. Constitutional factor: 43-year-old, intro- 
spective, hypersensitive Italian, unemployed, in financial difficulties. Precipitating 
factor: Coronary occlusion, nodal tachycardia. Symptoms and signs: Patient had 
the typical history and electrocardiographic findings of infarction of the anterior 
wall of the left ventricle. One week after admission lie began to complain of “pins 
and needles’’ localized to the inframanimary region; tenderness and hyperalgesia 
were present. 

Therapeutic test: He was relieved by a therapeutic test for ten days, when a 
paroxysm of nodal tachycardia began, associated with palpitation, “pins and 
needles,’’ tenderness, and hyperalgesia. The palpitation disappeared with return of 
normal rhythm, but the other signs and symptoms remained. Pressure on the loft 
brachial plexus increased the severity of the preeordinl pain. Suggestion, with the 
aid of a red-colored placebo, immediately relieved all symptoms and signs; brachial 
plexus pressure now had no effect on the pain. Two weeks following discharge he 
returned because of intractable pain in the left shoulder, with inability to abduct his 
arm. A localized area of pain, tenderness, and hyperalgesia was demonstrated at 
the tip of the left shoulder. Within one minute of the production of a small novo- 
cain wheal, all complaints had disappeared, and motion of the arm was complete in 
all directions. 


Comment. The coronary occlusion was the spark necessary to pre- 
cipitate the neurosis to which this man was constitutionally susceptible 
The abnormal precordial sensation of tachycardia caused a recurrence. 
Suggestion relieved both neurotic episodes. Several cases of intractable 
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pain in the shoulder and difficulty in abducting' the arm have been seen 
following a coronary occlusion in which the radiation was to the affected 
shoulder. 38 The prompt response to psychotherapy makes one believe 
that some of these complaints are neurotic or hysterical in origin. These 
were not patients with the scalenus antieus syndrome. 47 Moreover, ag- 
gravation of preeordial pain by brachial plexus pressure 48 is more fre- 
quently encountered in neurotics than in those with organic disease. 
Pressure on the top of the head (Case 6) or the lobe of the left ear will 
have the same effect in suggestible individuals. The pain may also be 
cured by increasing the pressure if suggestible patients (and neurotics 
are notoriously suggestible) are told that such a procedure will result 
in cure. “He cures most successfully in whom the people have the 
greatest confidence” (Galen 32 ). 

Case 3. — Rheumatic heart disease, traumatic or compensation cardiac neurosis. 

Constitutional factor: 26-year-old, sheltered pharmacist, an only child, with a 
personal and family history of “nervousness.” 

Precipitating factor: Patient fell off a ladder, striking the left chest, two years 
previously, while employed as a drug clerk, and had been trying to obtain complete 
disability compensation since the accident. Recently lie had heard that the verdict 
had been returned against him. The complaints became more severe. 

Symptoms : “Pins and needles” in precordial region, weakness, flushes, sweats, 
insomnia, and nervousness. 

Signs: Enlarged heart, mitral stenosis and insufSciency, aortic stenosis and in- 
sufficiency, regular sinus rhythm, functional classification IIA, inframammary ten- 
derness and hyperalgesia. 

Therapeutic test: Novocain relieved the complaints for three days. Symptoms 
recurred after his wife brought more bad tidings. 

Comment . — Except for some diminution of his cardiac reserve, the 
patient had no definite subjective or objective distress until his accident. 
He attempted to prove that the accident two years previously caused 
new damage to his already diseased heart, giving as evidence the newly 
developed symptoms. However, these were in fact due to a super- 
imposed cardiac neurosis. The rheumatic carditis was not responsible 
for the symptoms but may have caused the patient to focus his atten- 
tion (and so localize his neurosis) to the precordium. The therapeutic 
test and the exacerbation of complaints by psychic trauma confirmed 
the clinical and legal impression of neurosis. 

Case 4. — Hypertensive and rheumatic heart disease, traumatic or compensation 
cardiac neurosis. 

Constitutional factor: Thin, asthenic, unmarried, 40-year-old woman, in the meno- 
pause, emotionally unstable. 

Precipitating factor: Patient fell on the sidewalk two years previously; a law- 
suit was pending, and she was anxious over the outcome. 

Symptoms : Dyspnea, orthopnea, sticking inframammary pain, extreme weakness, 
sighing respiration, flushes. 

Signs: Enlarged heart, mitral stenosis and insufficiency, aortic stenosis and in- 
sufficiency, regular sinus rhythm, functional classification III, blood pressure 230/120, 
inframammary tenderness and hyperalgesia. 
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Therapeutic test.: Two saline wheals relieved (lie patient of pain, subjective feel- 
ing of weakness, and sighing respiration, and decreased the number of flushes, 
did not affect the dyspnea, orthopnea, basal rales, or size of the liver. ngm. 
complaints recurred after 10 days. 

Comment . — This patient’s lieart was decompensated, yet there was 
definite evidence of an associated neurosis. Digitalis and the mercurials, 
of course, had uo effect upon the latter. Therapy in compensation neu- 
rosis is generally unsuccessful until the litigation has ended. 

Case 5. — Rheumatic heart disease, cardiac neurosis. 

Constitutional factor: Thin, pale, introspective, 24-yeav-old Italian girl. 

Precipitating factor: Four years previously, during the course of a routine phys- 
ical examination, a loud apical systolic murmur was heard. The physician told her 
that she had severe heart disease. She relinquished her position and since then had 
not ventured more than one-half mile from her home, fearing sudden death. 

Symptoms: Palpitation, sighing respiration, weakness, insomnia. 

Signs: Slightly enlarged heart, mitral stenosis and insufficiency, regular sinus 
rhythm, functional classification IIA, jnfraniammary tenderness and hyperalgesia. 

Therapeutic test: Two saline wheals successfully relieved her distress. Two 
months after discharge from the hospital there was still no recurrence; the patient 
was working and leading a normal existence. 

Comment . — This neurosis was started and continued by a physician 
who measured the amount of cardiac damage and functional capacity 
by the loudness of a murmur. The patient had never had cardiac de- 
compensation and the heart was only slightly enlarged, yet the physician 
interdicted all activity- for months. This not only removed four years 
of usefulness from this girl’s life hut added an anxiety neurosis. 

Case G. — Hypertensive heart disease, cardiac neurosis. 

Constitutional factor: Obese, nervous Jew, 44 years of age, anxious about hyper- 
tension. 

Precipitating factor: A physician told the patient that, he had hypertension. He 
was warned not to eat meat or salt because, if lie did, lie might "gel a clot on 
the heart.” 

Symptoms: Sticking pain over the left, nipple, radiating down the left arm and 
up to the neck, not related to exertion, inability to completely abduct, the left arm, 
dizziness, insomnia. 

Signs: The heart was slightly enlarged, the blood pressure lGO/ttO. Electro- 
cardiograms revealed evidence of slight myocardial damage. Tnfraniammnry tender- 
ness and hyperalgesia were present. Brachial plexus pressure and pressure on top 
of the head, on the left side, increased the precordial pain. It, was observed that, 
either a pinch of salt on his food or a forkful of meat would be followed imme- 
diately by complaints of increased pain, associated with exquisite prccordinl tender- 
ness and hyperalgesia. 

Therapeutic test: The ethyl chloride spray on one spot on the precordium re- 
lieved his distress and allowed immediate, complete abduction of the arm. lie was 
slowly educated to the use of meat and salt. 

Comment. This patient with mild hypertension was completely dis- 
abled by the anxiety neurosis caused by the advice of his physician 
“Too many persons have been made invalids for the rest of their lives 
through the discovery of questionable hypertension .” 37 
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Case 7. — No organic heart disease, cardiac neurosis. 

Constitutional factor: 5o-year-old, excitable, nervous Jew. 

Precipitating factor: Following an attack of substernal pain three years earlier, 
electrocardiograms were taken and reported as showing evidence of marked coronary 
disease. His physician painted a dark prognostic picture, told the patient to give 
up his position, warned him about sudden death, and suggested that he remain at 
home for about six months. 

Symptoms: Burning near the left nipple, radiating across the chest, occasionally 
“grabbing the throat,” weakness, flushes, sighing respiration. 

Signs: The heart was not enlarged. The blood pressure and electrocardiograms 
were normal. Inframammary tenderness and hyperalgesia were present. 

Therapeutic test: Three intradermal novocain injections relieved the complaints 
immediately. He was told that the pain might recur about 10 A.JI. the following 
day. At 10:30 a.M. he began to shout because of severe pain, which was quickly 
relieved by a saline injection. 

Comment . — The patient was completely incapacitated mentally, eco- 
nomically, and socially by his neurosis. Incidentally, the electrocardio- 
gram taken three years previously was obtained and found to be com- 
pletely negative ! 

Case 8. — Hypertensive heart disease, cardiac neurosis. 

Constitutional factor: A 60-year-old German woman, anxious, worried. 

Precipitating factor: The patient had been recently married to a man socially 
beneath her, who, after 6 months of married life, confessed that he had syphilis. 
On entrance she manifested marked syphilophobia. 

Symptoms: Stabbing and burning over the left breast, weakness, flushes, sighing 
respiration, insomnia. 

Signs: The heart was slightly enlarged, the blood pressure was 1S0/110, and the 
electrocardiogram showed some evidence of myocardial damage. Tenderness and 
hyperalgesia were present beneath the left nipple. 

Therapeutic test : Positive. 

Comment . — The patient had been seen by several physicians, all of 
whom attributed her symptoms to hypertensive heart disease. They 
had neglected to question her concerning her social and personal life. 
It is probable that many symptoms attributed to hypertension are really 
due to the neurosis which is often present in those individuals who are 
anxious about the level of their blood pressure . 49 The probable expla- 
nation for the dramatic relief of various symptoms by inert drugs and 
illogical operations is that suggestion eliminates the neurotic component 
from the clinical picture. 

Case 9. — Acute coronary occlusion, cardiac neurosis. 

Constitutional factor: 5G-year-old American woman, with a story of gastric 
neurosis and functional diarrhea since childhood ; nervousness in family. 

Precipitating factor: Coronary occlusion. 

Symptoms: Twenty -four hours before admission, she was stricken with sudden, 
severe, vise-like, substernal pain, and went into shock. On arrival at the hospital 
her complaints were of sticking inframammary pain, weakness, and sighing res- 
piration. 

Signs: A pericardial friction rub was audible beneath the sternum. No tender- 
ness or hyperalgesia was elicited over this area. The electrocardiogram revealed 
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evidence of infarction of the anterior wall of the left ventricle. Infra, nummary 
tenderness and hyperalgesia were present.- 

Therapeutic test: One intvadermal novocain wheal relieved the pain, tenderness, 
and hyperalgesia for approximately 24 hours. The complaints recurred when a 
patient nearby suddenly became maniacal. The patient expired several days a er, 
while asleep. 

Comment . — This is the only ease of acute coronary occlusion in which 
tenderness and hyperalgesia were found early. It illustrates White s 
statement that "a patient dying of coronary thrombosis may or may not 
have tenderness over the sternum or precordium ; if he does it is not the 
heart disease that causes it but the excessive sensitiveness of the nervous 
system that is fundamentally responsible, the heart disease likewise 
being the precipitating factor.” In our experience, pericarditis is in- 
frequently associated with pain or tenderness. It was probably not 
responsible for this patient’s later complaints. This case is presented 
to demonstrate that (1) cardiac neurosis may be associated with an 
acute coronary occlusion, and that, (2) just as discovery of an organic 
lesion does not rule out the presence of a cardiac neurosis, so the exist- 
ence of a cardiac neurosis does not eliminate the possibility of an as- 
sociated, severe, organic disease. 

Case 10. — Congenital heart disease, cardiac neurosis. 

Constitutional factor: A 40-year-old German who had been committed to several 
ment.al institutions and was constitutionally defective. 

Precipitating factor: While working as an orderly in a hospital, he had seen 
many cardiac patients die. He knew that he suffered from heart disease and was 
fearful of dying suddenly. Recently a member of his family had expired. 

Symptoms: “Pins and needles” beneath the left nipple, weakness, sudden 
sweating, faintness, and insomnia. 

Signs: Those of coarctation of the aorta. Tenderness and infrnnuunnmry hyper- 
algesia were present. 

Therapeutic test: Positive. Complaints recurred whenever a death occurred on 
the ward. 

Comment . — This fear of death, particularly in heart patients, brings 
up the question of the advisability of segregating all patients with coro- 
nary occlusion in one room or ward. The sudden death of one of these 
patients must “strike terror in the hearts” of the others, who see this 
as evidence that their own fate is impending. The slightest precordial 
sensation would be expected, then, to cause panic in these individuals. 

Case 11. — Congenital heart disease, cardiac neurosis. 

Constitutional factor: A 30-year-old American woman, obese, pregnant for two 
months. 

Precipitating factor: She had been warned by her physician not to become preg- 
nant because she had heart disease. Symptoms began when she discovered that she 
was pregnant. 

Symptoms: Precordial sticking and burning, weakness, dizziness, faintness. 

Signs: There was audible a machinery-like murmur at the pulmonic and left 
sternal regions. A systolic thrill (possibly caused by patency of the ductus) was 
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palpable over tlie upper precordium. Tenderness was present over the left breast, 
and hyperalgesia was limited by the midline to the entire left side of the body. 

Therapeutic test: Novocain immediately relieved the pain and tenderness but 
caused a complete left hemianesthesia. The patient left the hospital before investi- 
gation could be completed. 

Comment . — Autosuggestion was so marked in this ease that the dem- 
onstration of anesthesia over the novocain wheal was sufficient to suggest 
complete unilateral anesthesia. 

Case 12. — No organic disease, abdominal neurosis, induced cardiac neurosis. 

Constitutional factor: Obese, nervous, Jewish woman, in the menopause. 

Precipitating factor: Patient's son had been sentenced to several months in jail 
for petty larcem r six days before patient was admitted to the hospital. 

Symptoms: Pain in right upper quadrant, anorexia, aerophagia, sighing respira- 
tion, insomnia, and flushes, all of recent occurrence. 

Signs: Slight tenderness in right upper quadrant, hyperalgesia limited to tender 
area. 

Therapeutic test and comment . — This case is presented to demonstrate 
the role played by heterosuggestion in the etiology of all neurosis, par- 
ticularly cardiac neurosis. The patient had no signs or symptoms refer- 
able to the heart, either in the past or present. Each day for live suc- 
cessive days her heart was examined, and tenderness and hyperalgesia 
were sought but not found. No comments were made, nor did anything 
in the examiner's manner or expression suggest the presence of dis- 
ease. On the sixth day, after listening intently over the precordium, 
the examiner appeared worried, and asked the patient repeatedly if she 
was sure there was nothing wrong- with her heart, and if she had not 
felt any pain over the left breast. The patient answered in the nega- 
tive, but two hours later the intern was called to see her in an attack 
of severe inframammary pain, sticking- in character. Tenderness and 
hyperalgesia were elicited. A therapeutic test relieved not only her pre- 
cordial distress, but also the right upper quadrant pain which had been 
the original cause for her admission to the hospital. It is probable that 
many cases of cardiac neurosis are precipitated in suggestible individ- 
uals by such suggestion by physicians. Incidently, Morley 30 states that 
hyperalgesia is frequently elicited over the abdomens of neurotic pa- 
tients in whom exploratory laparotomy reveals no evidence of disease. 

DISCUSSION 

All neurosis is caused by, or is the result of, hetero- and autosugges- 
tion. 31 The latter 28, 30 is probably responsible for the pain, tenderness, 
and hyperalgesia found in cardiac neurosis. Thirty patients convales- 
cing from other diseases were asked, (1) If you had heart disease where 
would j-ou feel the pain? (2) Would finger pressure on one side hurt 
more than on the other? Where? (3) Would a pin prick be felt more 
on one side than the other ? Where ? Twenty-seven patients localized the 
pain near the left nipple, 25 believed tenderness would be present in 
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that area, and 23 expected hyperalgesia in the same region. Since the 
majority of laymen believe this triad to be associated with heart disease, 
one would expect it to be elicited in autosuggestible neurotics who 
believe they are so afflicted. It is the characteristic clinical finding in 
cardiac neurosis. 

The small amount of novocain used in these investigations acts by 
suggestion, since relief was also obtained by other simple procedures 
directed to the affected area. The demonstration of the loss of hyper- 
algesia (as prophesied by the physician) probably has marked autosug- 
gest.ive power. Moreover, the immediate, complete relief of symptoms, 
regarded with intense anxiety, by so simple a method helps to convince 
the patients of their unimportance. This use of novocain in hysterical 
hyperalgesia is a counterpart of Hurst’s 20 therapy of hysterical anes- 
thesia with faradic stimulation. 


CONCLUSIONS 

(1) Cardiac neurosis is a distinct entity with characteristic findings 
which are recognizable even in the presence of organic heart, disease. 
The criteria for a diagnosis of this condition are (A) an inherited or 
acquired predisposition to neurosis, (B) a definite precipitating factor, 
(C) symptoms such as inframammarv pain, weakness, sighing respira- 
tion, insomnia, dizziness, ringing in the ears, nervousness, and irrita- 
bility, (D) inframammary tenderness and hyperalgesia, and (E) relief 
by simple procedures such as the therapeutic test described, namely, in- 
tradermal injection of small quantities of 2 per cent, novocain together 
with suitable suggestion, the latter being the more important factor. 

(2) Individuals suffering from organic heart disease may have symp- 
toms and signs similar to the above which can be proved to be of neu- 
rotic origin. 

(3) When precordial pain is accompanied by superficial hyperalgesia 
and deep tenderness, it is more likely to be of neurotic than organic 
origin. 

(4) The findings in a group of 172 patients admitted to the hospital 
with a diagnosis of heart disease are described, and cases are reported 
to illustrate some of the features of combined organic and neurotic 
heart disease. 
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ACUTE ENDOCARDITIS IN WILD ANIMALS, WITH ESPECIAL 
REFERENCE TO THE OPOSSUM 


Herbert Fox, M.D. 

Philadelphia, Pa. 

T TNDERSTANDINO of acute endocarditis, particularly of the valves, 
' w ' may be widened by a knowledge of its occurrence in wild animals. 
In man, this pathologic process is commonly associated with rheumatism, 
or follows upon a flagrant acute infection. That rheumatism occurs 
spontaneously in lower animals remains to be proved, while acute 
fulminating infections are common and end fatally with great rapidity. 
Here follows an account of acute endocarditis as seen in the autopsy serv- 
ice at the Zoological Gardens at Philadelphia over a period of thirty 
years. Such evidence as can be adduced would certainly blame cocci as 
the principal cause, but a few unusual bacterial varieties are also repre- 
sented. Unfortunately, the facilities for thorough bacteriologic study 
were not regularly available. 


CARNIVORA 

Felidae . — Lion 1S09, 91 months’ exhibit, had been in poor health for many days 
before death, which resulted from acute vegetative and ulcerative mitral and aortic 
valvulitis from which the anaerobic B. Afanassieffi (Migula-Chester) was isolated. 
Several embolic lesions were found, notably a large infarct in the spleen. (See 
Ostrich 6222.) 

Canidae . — Fox 5765, 13 months’ exhibit, with no history of illness. There was a 
subacute and recent mitral valvulitis, and pneumonia. 

MARSUPIALIA 

Dasyuridae . — Tasmanian Devil 6017, 50 months’ exhibit. Suffered for some time 
with an abscess in mandible, probably of streptothrical origin, ending as an acute 
infection comparable, in lesions, to canine distemper. The mitral valve only had 
acute vegetations. 

Didelphiidae. — Opossum — American variety throughout. 

1799, 17 days’ exhibit, presented evidences of an acute general infection of severe 
grade, including embolic foci such as abscesses; endocarditis involving all valves, 
the aortic particularly. 

20S5, 1 month’s exhibit, never in good condition; acutely ill for several days 
before death, apparently with an infection like canine distemper. Mitral and aortic 
valves showed vegetations from which, however, no embolism had arisen. 

2115, 2 months’ exhibit. Belonged to same batch as 20S5 and presented almost 
exactly the same lesions. 

234S, 9 months’ exhibit. No history. Acute general infection, pneumonic con- 
solidations, and mural endocarditis. 

From the Penrose Research Laboratory. Philadelphia Zoological Society. 
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2519, 1 month’s exhibit. No history. Acute general infection due to the pneumo- 
coccus, with valvulitis of all valves on the left side of the heart, passive congestion 

of the liver, and embolic foci in the kidneys. ... 

2544, 16 months’ exhibit. Very extensive, severe, and rapid infection, giung rise 
to pancarditis and stenosis and incompetence of valves (record not thorough). 

2550, 1 month's exiiibit. Acute general infection seriously a fleeting mitral and 
aortic valves and giving embolic phenomena. 

9526, 1 month’s exhibit. Acute general infection due to staphylococcus, with 
mitral lesions and many embolic abscesses. 

9S0S, 5 months’ exhibit. A general infection, probably originating in a muco- 
purulent bronchitis. The mitral valve showed vegetative lesions and there were 
acute splenic tumor and a small renal abscess. 

10,159, 4 months’ exhibit. No history, protocol not thorough. Mitral valvulitis, 
acute splenitis, abscess in kidney, bloodstained urine in bladder. 

10,270, 4 months’ exhibit. Injury to leg, probably with infection. Decomposed 
at autopsy, vegetations on mitral valve only. 

11,061, 2 months’ exhibit. No history, protocol not thorough, but body probably 
the same, including mitral valve, as 10,270. 

11,011. Time on exhibit not certain, no history. Infection of pyemic type, 
emboli in spleen, kidney, and liver, with mitral vegetations. 

The disproportionate number of opossums (till Didclphis in. vir- 
(jhriema) may be a result of the fact that, more of these animals (271) 
have come to autopsy than any other. It is worth recording, however, 
that among 57 other opossums and 35-1 Australian marsupials, 93 rhesus 
macaque monkeys, S3 raccoons, S3 porcupines, and several large orders 
there were no cases of acute valvulitis. Opossums arc never bought, by 
the Zoo; they are usually donated by friends, commonly only with the 
story that they were found on the farm or free in Ihc country. These 
animals adjust themselves poorly to captive conditions in a menagerie, 
the length of life being short and the death rate high. Younger opos- 
sums, and especially very young ones with the mother, show much osseous 
degeneration of the rickets type. There is a suggestion in these figures 
that opossums have a low endocardial resistance. 


PASSERIFORMES 

Icteridae. Bice Grackle, 1S6 months’ exhibit. Had been in poor condition for 
some time, probably because of leg arthritis and pectoral myositis. There were acute 
endoaortitis and endocarditis of the seromuscular fold between the right auricle 
and ventricle. 


ACCIPITRIFORMES 

Falconidac. Buzzard .1006, 43 months’ exhibit. Had poor feet for some time 
before death, but otherwise in good condition. Apparently nothing was wrong with 
the legs and feet, for the protocol fails to mention them. Thrombotic mitral 
valvulitis with splenic tumor. 

Buzzard 3S70, 2 months’ exhibit. No history. Vegetative mitral valvulitis with 
emboli in spleen and acute hepatitis. 

w Ea f e ^°’ 5CG ’ 5 months ’ ex hibit. Gasping and not eating for 6 days ante mortem. 

ound (from fighting?) in beak. Flat, not covered, not ulcerated, vegetations on 
seromuscular fold between right-sided • chambers of the heart. Abscesses in mvo 
cardmm, lung, and abdominal space. Staphylococcus cultured from heart valve. ' 
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Eagle 6827, 54 months’ exhibit. Cellulitis of legs for a week ante mortem, due 
to Staphylococcus aureus. Acute general infection seemed to arise from this, lead- 
ing to mitral valvulitis and acute splenitis. 

Eagle 2447, exhibit (?). Mural endocarditis around pulmonary base and aortic 
conus. 

STRIGIEORMES 

Strigidae . — Owl 11,212. Injury in axillary region. No history. Thrombotic 
valvulitis of aortic and nearest mitral leaflet, extending into the aorta and left 
brachiocephalic vessel. 

ANSERIFORMES 

Anatidae . — Falcated Duck, 3566, 10 days’ exhibit. Eecent cauliflower vegetations 
on mitral valve, with acute splenitis. 

Mallard Duck, 3599, (domestic ?) 5 days’ exhibit. A recent, acute thrombotic 
mitral valvulitis, with necrotizing embolic lesions in spleen. 

Duck, 5653, 49 months’ exhibit. Eecent myocarditis, and valvulitis of mitral 
and aortic leaflets, witli embolism of spleen and kidney. 

Duck, 9623, 11 years ’ exhibit. Eecent injury to head. Thrombotic valvulitis 
of mitral valve, extending as a prolongation, not implantation, through aortic orifice 
and obstructing it. 

Teal, 10,209, 8 years’ exhibit. Crippled two months. Vegetation on pulmonary 
tricuspid valve, without obstruction, extension, or emboli. 

Goose, 11,675, 23 years’ exhibit. Injury to foot followed by local infection. 
General condition not poor at autopsy. Thrombotic valvulitis, posterior aortic cusp; 
plugging embolus in second left renal artery. Chronic focal nephritis; arterio- 
sclerosis; thyroiditis. Staphylococcus forms in smear from valve. 

Chinese Goose, 12,694. No history, 9 months’ exhibit. Granulomas of feet that 
became infected. Streptococcus of human type in foot and in vegetations on mitral 
and aortic valves. Acute diffuse hepatitis; acute focal and diffuse nephritis, both 
interstitial and parenchymatous; some scattered glomerulitis; mild acute degenera- 
tive and infiltrative myocarditis; vegetative and ulcerative valvulitis. This strepto- 
coccus killed a guinea pig in 7 days when given intraperitoneally in a dose of 1 c.c. 
of 24-liour meat infusion broth culture per 1000 gm. of pig weight. It had exudative 
pneumonitis and pleuritis. When reisolated the coccus was, with one exception, the 
same as stock controlled strain; it had become hemolytic. A rat, mouse, rabbit, 
pigeon, and two geese remained alive 4 months after injections of comparable doses. 
No distinct lesions were discovered when they were killed. 

Goose, 12,387, 20 years’ exhibit. Well until 2 months before death, when it was 
found incoordinate. Very early granulations along closure line of pulmonary valve, 
which showed, on smear, streptococci in short chains. 

Swan, 9529, 2 months’ exhibit. Chronic amyloid disease of liver, kidney, and 
spleen, with pyelitis. Purulent arthritis of left leg. Came to menagerie lame. 
Eecent small vegetations on mitral valve. 

PHOENICOPTERIFORMES 

Plioenicopteridae. — Flamingo, 10,573, 6 years’ exhibit. Becently developed acute 
arthritis of both feet, probably from an old lesion. Early pulmonary tuberculosis 
(arthritis also tuberculous?). On closure line of mitral valve there were small, gray, 
friable vegetations containing staphylococci. Myocardial degeneration; embolic 
abscesses in kidney. 

ARDEIFORMES 

Ardeidae . — Heron 7S19, 5 months’ exhibit. No history. Acute malignant val- 
vulitis, superimposed on fibrous, thickened, and calcareous valves. Acute enteritis 
and nephritis. 
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Flcgadidac- Ibis, 0077, 10 years’ exhibit. No history. Heath from acute en- 
teritis. Recent mural endocarditis on wall of loft ventricle. 

Ibis, 31,404, 20 years’ exhibit. No history. Chronic salpingitis and arterio- 
sclerosis. Recent vegetative endocarditis on mitral and aortic, valves. .Staphylococcus 
found in the smear. Embolic foci in kidney, and acutely hyperplastic spleen. 


BALEARICIFORMES 

Ba lea ricidac. — Crane, 2 months’ exhibit. Never did well, probably because of 
pedal fibromas. Osteomalacia and tuberculosis of lung. One recent vegetation on 
aortic value. 

CHAUADUIIFORMES 

Burhinidac. — Thicknee, PfiO.'i, l.'l years’ exhibit. Lame in left leg from purulent 
pedal arthritis. Vegetation on pulmonary tricuspid that extended along artery to 
lungs. Other organs in early decomposition, but seemed otherwise normal. 

Cha rad ri idac. — Oyster Catcher, G15S, 5 months’ exhibit. Scaly legs and feet for 
months before death. Cardiac lesion only important one found. Mitral (aortic 
leaflet) seat of recent vegetation running into auricle. Protocol states that 
Staphylococcus aureus was isolated, but note also indicates that Gram-negative cocci 
in staphylococcus groups and in short chains were seen in valves. No emboli. 

C A S U A Rl 1 FOR M KS 

Casuariidae. — Cassowary, 5227, S years’ exhibit. No history. Protocol not clear. 
Vegetations on all valves. 

Cassowary, 0500, 00 months’ exhibit. No history. Despite a very advanced gen- 
eral infection, body was in good state of strength and preservation. Most important 
acute and advancing lesion not certain, but endocardial changes very marked. 
Bactcriologic culture overgrown by mould. Aurieuloventrie.ular fold of right side 
and mitral leaves showed vegetative endocarditis of productive type. 


STRUT! IlONI FORM F-S 

Strutliicmidac. — Ostrich, (5222, 54 months’ exhibit. Afnnnssiew’s bacillus (Migula- 
Chester) and colon bacillus isolated from heart blood and vegetation. Vegetative 
and ulcerative lesions, with stenosis, on mitral and aortic, valves. Splenitis with one 
abscess; parenchymatous nephritis; acute necrotizing enteritis. (See Lion ]S()9.) 

Ostrich, 7319, 175 months’ exhibit. Out of condition 1 week. Chronic enteritis 
and acute pancreatitis and splenitis. Recent mural and valvular endocarditis. 
Staphylococous aureus cultured from heart and spleen. 
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Analysis of tlie pathologic forms shows predominance of the vegetative 
and thrombotic processes, ulceration being rare. Extension to the aortic 
and pulmonary vessels occurs almost exclusively in birds. Embolic 
secondary lesions were, as in man, chiefly in the kidneys and spleen, 
as infarcts, abscesses, and glomerular lesions. Distinct embolic lesions 
were seen in S of 16 mammalian cases, and in 7 of 27 avian cases. 

The endocardial distribution of lesions was as follows : 


Aortic valves _____ 7 of 16 mammals _____ 6 of 27 birds 

Mitral valves _ _ _ _ _ 15 of 16 mammals _ _ _ _ _ 15 of 27 birds 

Pulmonary valves _ _ _ _ 1 of 16 mammals _____ 3 of 27 birds 

Mural vaives _____ 1 of 16 mammals _____ 2 of 27 birds 

Eight tricuspid _ _ _ _ 0 of 16 mammals 

Seromuscular right 

auriculoventricular fold ____________ 3 of 27 birds 


The medical history nun- be of some significance in attempting to ex- 
plain the origin of the endocarditis. Recent injury was noted hi the 
history of 3 birds and 2 mammals. Injury of somewhat longer duration, 
pedal fibromas, and arthritis were recorded for 1 mammal and 10 birds. 
Several of the opossums had wounds of the feet. Acute infection (dis- 
temper type) was seen in 3 mammals, and chronic infection, usually an 
unhealed wound or slowly spreading cellulitis, in 1 mammal and 3 birds. 

It is not the purpose of this article to imply that these cases represent 
the exact incidence of endocarditis in wild animals, but to place on 
record what was found in the performance of some 13,000 autopsies. 
The high opossum incidence has been mentioned and partly explained, 
but the flagrancy of the lesions and the briefness of the period during 
which these animals were on exhibition have not been emphasized. Every 
endocarditic lesion adequately described was prominently vegetative, 
more so than in most of the other animals, notably the birds. Pour opos- 
sums had been on exhibition 1 month or less, suggesting that the process 
antedated capture, or began soon thereafter, upon coming in contact 
with unusual bacteria, and probably indicating a high vulnerability of 
the endocardium. Two - others had an exhibition time of 2 months. Only 
five other animals in this series have short exhibition times, namely, a 
buzzard, 2 ducks, a swan, and a crane. The others lived longer periods, 
an ibis even 26 years. 

Though no claim concerning incidence is made, even for the opossum, 
it is well to record that the following animals were autopsied without 
finding endocarditis : 

Primates 820, Rodentia 500, Artiodactyla 475, Psittaeiformes 1300, 
and smaller numbers belonging to many other orders. 



THE EFFECTS OF WHOLE BILE AND BILE SALTS ON IDE 

PERFUSED HEART 


Khalil G. Wakim* M.D., Hiram E. Essex.! Eh.D., and 
Frank C. Manx,! H.D. 

ROCIlK.STF.lt. HlXX. 

I N CLINICAL and experimental work one rroquently encounters eases 
in which the. toxicity of bile is manifested. In addition to other symp- 
toms, bradycardia is common in patients with severe icterus. These gen- 
eral observations led us to undertake some investigations on the perfused 
mammalian heart which may contribute to a better understanding oi the 
mechanism by which whole bile and bile sails a fleet the heart, lliose 
experiments enabled ns, not only to watch the heart while it was man- 
ifesting the various changes that occurred when whole bile or bile salts 
were added to the perfusate, hut also to take graphic records ol the 
amplitude, rate, and rhythm of the cardiac contractions and of the dis- 
turbances appearing under the influence of the bile constituents. We 
found that whole bile from flic gal! bladder and commercial preparations 
of bile salts, when used in the perfusate, produce definite changes in Iho 
amplitude, rate, and rhythm of the contractions of the isolated heart. 

HorrallV review gives an excellent survey of the literature dealing 
with the toxicity of bile. He very clearly demonstrates the diversity of 
the opinions and of the results given hv different workers. One of the 
constant autopsy findings of Bunting and Brown- was a pale, dilated, 
hyalinized, and necrosed myocardium, to which they attributed tin; death 
of their rabbits within twenty-four hours after the intraperiloneal in- 
jection of bile. Baltaeeano and Vasiliu 3 attributed the hypotension pro- 
duced by intravenous injections of sodium glvcocholate to the direct 
toxic effect on the heart. Emerson 4 produced a fall in blood pressure, 
arrhythmia, and sometimes cessation of cardiac activity by intravenous- 
injection of whole bile or bile salts into dogs. He found sodium glyeo- 
cholate to be more toxic than sodium tnuroeholatc. Ilorrall and Carlson' 
concluded that bile salts act. on the vagus endings, and also directly on 
the heart muscle through the coronary circulation. Regan and Ilorrall" 
observed a fall in blood pressure as a result of intravenous injection oT 
sodium glycoeholate into dogs. Still 7 showed that small doses of bile 
acids, slowly administered intravenously, produce a slight rise in blood 
pressure, while large amounts produce a marked fall. ITc expressed the. 
opinion that the effects of bile acids are “due to their being general 
protoplasmic poisons.” Rics and Still" concluded from their observn- 
tionsjm dogs that bile sails in small doses cause an increase in the ir- 

*Fello\v in Physiology. 

tDivision of Experimental Medicine, The Mayo Foundation. 
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Stability of the vagal endings and that large doses tend to cause block 
of the same endings. The changes of pulse rate in cases of obstructive 
jaundice were attributed to the effects of bile salts on the endings of the 
vagus nerve. Meltzer and Salant, 9 in their work on etherized rabbits, 
confirmed Still’s observations of the fall in blood pressure, and stated 
that bile inhibits the activity of the heart. Buchbinder 10 attributed the 
bradycardia produced in his experimentally jaundiced puppies to a re- 
flex through the vagus. Baruk and Camus 11 injected human bile into 
various experimental animals and concluded that the symptoms produced 
could be attributed to bulbar intoxication. They observed that bile salts 
have a greater paralytic action than whole bile. 

The explanations of the toxic effects of bile constituents given by the 
various investigators differ so widely because of the presence of a number 
of mechanisms in the intact animal which render the situation equivocal. 
Among the possible causes for the controversy over the effect of bile con- 
stituents on the heart may be the difficulty of controlling the various 
factors operating in the intact animal. 

METHOD 

In order to avoid some of the uncontrollable factors, our investigations were per- 
formed on the isolated hearts of rabbits. The rabbits were etherized and bled through 
the aorta and inferior vena cava into a 2 per cent sodium citrate solution. The heart 
was removed, washed in warm Ringer-Locke solution, and perfused according to the 
usual procedure. The perfusate was made of oxygenated Ringer-Locke solution in 
triple-distilled water, according to the formula given by Bayliss, 12 and was kept at a 
constant temperature of 38° C. throughout the experiment. Oxygenation was pro- 
duced by constantly bubbling oxygen through the reservoir containing the perfusate. 
The only interruption in the whole setup was the shifting from one Ringer-Locke 
perfusate to another to which a known quantity of whole bile or bile salt had been 
added. Whole bile was procured from the gall bladder by aspiration, and filtered be- 
fore use. We used human, rabbit, and dog bile. The bile salts used were com- 
mercial preparations of sodium taurocliolate (Merck) and sodium glycocholate 
(Mallinckrodt) . In the experiments in which red blood corpuscles were used, the 
citrated blood was centrifuged and the red cells were washed several times with 
Ringer’s solution before they were added to the perfusate. The contractions of the 
heart were recorded on a revolving kymograph by means of a lever connected to the 
apex. To prevent the passage of any particles that might interfere with the coronary 
circulation, the perfusate was filtered through glass wool before it reached the heart. 

In some experiments, instead of introducing the bile into the perfusate, it was 
injected into the tubing of the system at a distance of about 20 cm. above the aorta 
of the perfused heart. 

RESULTS 

In the control experiments the perfused heart continued heating with- 
out change in rate, amplitude, or rhythm, for a minimum of four hours. 

Sodium taurocliolate (Merck), in concentrations of 50 to 200 mg. per 
liter of perfusate, produced definite changes in the amplitude, rate, and 
rhythm of the contractions. The amplitude decreased gradually; the 
rate was slowed; and the arrhythmias observed were of various kinds, 
such as ventricular alternation, ventricular extrasystoles, blocks of dif- 
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ferent degrees, and, finally, fibrillation and complete failure of the bear • 
A concentration of 100 mg. of sodium tauroeholate per liter of pet - 
fusate consistently brought about almost all of the aforcmentio 
changes in the amplitude, rate, and rhythm within half an hour. 

Sodium glycocholate (Mallinekrodt), in concentrations of oO to 200 
mg. per liter of perfusate, also brought about the aforementioned changes 



Fig:. 1 — Kymographic tracings of the perfused hearts of rabbits under the influence 
of whole bile and bile salts in the perfusate at a temperature of 38° C. A, Control, 
arrow indicating the introduction of 3 c.c. of filtered, human, gall bladder bile per 
liter of perfusate. Successive tracings three, five, seven, ten, and twelve minutes, 
respectively, after the introduction of the bile. B, Control, arrow indicating the intro- 
duction of 100 mg. of sodium tauroeholate per liter of perfusate. Successive tracings 
live, ten, fifteen, seventeen, and twenty minutes, respectively, after the introduction of 
the sodium tauroeholate. C, Control, arrow indicating the introduction of 100 mg. of 
sodium glycocholate per liter of perfusate. Successive tracings seven twelve twenty 
thirty, and forty minutes, respectively, after the introduction of the sodium glycocho- 
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in rhythm, rate, and amplitude, but took a longer time than the cor- 
responding concentrations of sodium tauroeliolate. 

Whole bile, aspirated from the gall bladder and filtered, when used in 
concentrations varying from 2.5 to 5 e.c. per liter of perfusate, produced 
the whole series of the aforementioned changes in less than half an hour, 
and the heart failed completely much earlier than when bile salts were 
used. The time required for the appearance of the cardiac disturbances 
and failure of the heart varied inversely with the concentration of the 
bile or bile salts in the perfusate. 

In several experiments we added 15 c.c. of washed red blood corpuscles 
per liter of perfusate and observed that the addition slightly delayed the 
onset of the disturbances of the heart beat produced by the bile salt. 
Hemolysis of the red blood cells did not occur with the concentration of 
bile salts used in the perfusate. 

When bile was used, it was found that an injection of 0.1 c.c. of filtered 
gall bladder bile from rabbits, humans, or dogs immediately produced 
all of the various disturbances in rate, rhythm, and amplitude of the 
heart beat. Another injection of 0.1 e.c. of bile, given four or five min- 
utes after the first, produced total failure of the heart and complete ces- 
sation of its contractions. When 0.5 c.c. of filtered gall bladder bile 
was injected in one dose, the heart was consistently brought to an ab- 
solute standstill in pai’tial systole within a minute. Injections of 
adrenalin were of no help in any of the attempts at resuscitation of the 
failing heart. 

In order to see whether the increase in the sodium ion concentration, 
brought about by the addition of the sodium taurocholate or sodium 
glycocholate, might have any influence on the isolated heart, we ran 
controls in which corresponding amounts of sodium chloride were added 
to the original perfusate. The sodium chloride produced no change 
whatsoever in the rate, amplitude, or rhythm of the contractions. 

The results of the experiments were so uniform and definite that it is 
only necessary to reproduce sample graphs to demonstrate the changes 
recorded under the influence of whole bile, sodium taurocholate, and 
sodium glycocholate, when introduced separately into the original per- 
fusate (Fig. 1). In some experiments we observed an initial transient 
increase in the rate and amplitude of the heart beat immediately after 
shifting to the perfusate containing whole bile or bile salts. This seems 
to suggest compliance with the well-known general principle that many 
substances are stimulating in small amounts over short periods, but toxic 
or destructive over longer periods and in larger doses. 

SUMMARY 

A series of experiments were performed on the isolated perfused heart 
of the rabbit. The changes in cardiac activity were observed, and 
graphic records were taken to portray the disturbances produced by 
whole bile and commercial preparations of sodium taurocholate and 
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sodium glycocholalc on the amplitude, rate, and rhythm oi the con- 
tractions of the perfused heart. Definite and uniform effects were pro- 
duced. Commercial preparations ol bile salts and whole bile Jrom the 
gall bladders of humans, dogs, and rabbits produced a slowing of the 
rate of the perfused heart, a diminution in the amplitude of its contrac- 
tions, and a variety of irregularities in its rhythm, such as ventricular 
alternation, extrasystoles, and, finally, ventricular fibrillation, ending in 
complete cardiac failure. 
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CONGENITAL HEART DISEASE 

Report op a Case op Dextroposition, Persistence op an Early Stage 
of Embryonic Development op the Heart, Persistent Trunctis 
Arteriosus, Abnormal Systemic and Pulmonic Veins, and 
SubDIAPHRAGMATIC SlTUS INVERSUS 

David W. Goltman, M.D., and Neuton S. Stern, M.D. 
Memphis, Tenn. 

REPORT OP CASE 

Baby boy C. G. was born Aug. G, 1936, of a primiparous mother, and delivered 
by emergency cesarean section after a prolonged labor caused by a persistent right 
occiput posterior position. The birth weight was S pounds and 14 ounces. He 
breathed spontaneously and cried lustily, but his color was not good for twelve hours 
after birth. His breathing was rapid for several hours following delivery, and 
cyanotic attacks necessitated the administration of a 5 per cent carbon dioxide and 
oxygen mixture. He was given 20 c.c. of whole blood intramuscularly three hours 
after delivery. He was seen by one of us (D. AV. G.) about twelve hours after 
birth. He was a large baby with rather extreme moulding of the head, and he had 
a large cephalhematoma over the right parieto-occipital region. The lips were 
slightly cyanotic. The heart sounds were fairly normal but seemed louder on the 
right side of the thorax than on the left. He was quite drowsy for forty-eight hours 
and took fluids poorly. He became cyanotic about two or three times in each 
twenty-four hours, but responded well to the administration of 5 per cent carbon 
dioxide and oxygen. 

He was placed on an evaporated milk formula three days after delivery because 
of the critical condition of his mother, who subsequently died. His first few days 
were featured by a great deal of vomiting, sometimes projectile in type, intermit- 
tent attacks of cyanosis, diarrhea, and failure to progress in a normal manner. 
Because of this, and because the heart sounds seemed louder on the right side of 
the chest, a roentgenogram of the chest was taken six days after birth. This 
showed that the heart was on the right side. The stomach was found to be on the 
right side, and a dense shadow interpreted as being the liver was found on the left. 
Hence a diagnosis of situs inversus viscerum was made. Roentgenologic studies after 
the ingestion of barium confirmed this diagnosis. He was given several x-ray treat- 
ments over the upper chest because of a large superior mediastinal shadow. About 
ten days after birth, slight cyanosis was present. The hemoglobin was 114 per cent, 
and the erythrocyte count, 5,860,000. At no time during the baby’s thirty-nine-day 
stay in the hospital was a definite cardiac murmur heard, but, because of the dextro- 
cardia, the persistent cyanosis, the high erythrocyte count and hemoglobin value, 
and the failure to progress normally, it was felt that severe congenital heart disease 
was present in addition to the situs inversus. The baby was discharged Sept. 13, 
1936, in fair condition, weighing 9 pounds. 

At 2 months of age lie weighed 10 pounds and 8 ounces. His respiration was 
quite rapid, and slight cyanosis was constantly present. No heart murmur was 
heard at this time. 

From the Departments of Pediatrics and Medicine, College of Medicine, University 
of Tennessee, Memphis. 
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At 3 months liis weight was 12 pounds and 3 ounces, ami Ins general condition 
good. His lips, hands, and feet were cyanotic, though this was not marked. He 
began to have severe blue spells which came on at irregular intervals. During these 
spells he jerked his arms but was not unconscious. They lasted approximately four 
or five minutes. A faint musical murmur was heard over the apex of the heart, on 
the right side for the first time, liis erythrocyte count was 5, -170,000, and his 
hemoglobin, 107 per cent. 

At 3 Vj months his weight was 13 pounds and 2 ounces. Definite clubbing of the 
fingers was noted. Cyanosis of the lips, bands, and feet wns more marked. The 
erythrocytes at this examination numbered 0,020,000, and the hemoglobin was 1L> 
per cent. Iso murmur was heard. 

At 4 months of age his weight was 14 pounds, his erythrocyte count 0,350,000, and 
his hemoglobin 10S per cent. A twangv systolic murmur was beard in the fourth 
and fifth intercostal spaces about 2 cm. to the right of the sternum. Severe cyanotic 
spells wero not as frequent but were more prolonged. 

His progress for the next three months was good, and at 7 months of age he 
weighed 10 pounds and 12 ounces. Clubbing of the fingers was more marked, and the 
nail beds were more deeply cyanotic. Severe cyanotic spells were occurring about 
once every three or four days and usually lasted about four or five minutes. Ho 
seemed to bo in severe pain when lie hud them and would try to jump out of liis 
grandmother’s arms in order to get relief. 

At 10 months of age lie had acute tonsillitis, with fever, from which lie recov- 
ered in about three days. He sat up alone well at this time. Dyspnea and club- 
bing were more marked. His hemoglobin was 127 per cent, and the erythrocyte 
count was 0,501,000 at this time. 

When he was 1 year old he weighed IS pounds. His tissue turgor was poor, and 
lio seemed to wilt in the heat of the second summer. lie had not been allowed to 
walk. Cyanosis and clubbing were marked. His respiration was very rapid, and his 
face had a pinched expression as if it were hard for him to get enough air. He 
gained only a few ounces during the next two months. He died while having gen- 
eralized convulsions, on Oct. 12, 1937, when lie was 14 months and (i days old. 

Although it was considered that an electrocardiogram would have been of great 
interest, it was not possible to take a tracing because of the child’s activity and 
lack of discipline, and anesthesia was deemed inadvisable because of tbe state 
of the heart. 

AUTOPSY 


The general autopsy was done by Dr. N. E. Leake, of (lie Baptist Memorial Hos- 
pital, and tlie special heart study l)v one of us (X. S. S.). 

The terms right and left, in this description, apply to the right and left sides of 
the body. 

The Heart . — The heart was found to lie in the dextroposition (Fig. I), lying 
within a pericardial sac which was apparently normal. There were no signs of peri- 
carditis on tho surface of the organ. Two auricles were present, the right nnd 
left. The left auricle had a small appendage which presented anteriorly and con- 
tained no clots. At its upper end there was a fairly large venous inlet, 5 mm. in 
diameter (Fig. 2). At its lower portion there was another venous inlet, approxi- 
mately G mm. in diameter, which came up through the diaphragm from (lie liver 
One of the larger tributaries was apparently the inferior vena cava and could be 
traced by probe posterior to the liver. The iiitcraurieular septum (Figs. 3 and 4) 
was incomplete; its free edge was crescentic, with convexity upward, and it ran 
from the posterior wall to the anterior wall of the heart. It was 2.5 mm. thick at its 
edge. Five millimeters above this free border was the lower edge of a patent 
foramen ovale, winch was 7 mm. in its long diameter. The right auricle had a small 
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appendage, without clot, which presented anteriorly. It was somewhat smaller than 
the left, and its inner surface was trabeeulated except on the septal and anterior 
surfaces, where it was smooth. At its upper end there was a venous entrance about 
4 or 5 mm. in diameter, so situated that the main blood stream could go fairly 
directly through the patent foramen ovale into the left auricle. 



Fig. 1. — This illustration shows the situs inversus below the diaphragm and the 
dextroposition of the heart. The azygos lobe of the left lung is clearly portrayed. 



Fig. 2. — The heart is pulled to the right, showing the superior cava on the left (ex- 
aggerated by a probe). 
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fig. 3. — Tlie opened heart. See Fig. I for the names of the parts and the course of 

the blood flow. 


Rt. Ventricle 


Rt. Sup. Vena Cava 



L. Sup. Vena Cava 


L. Auricle 


Mouth of Inf. Vena Cava 


Apex, fip of 
L. Ventricle 


entrance to blind L. Ventricle. 
Upper surface oF 
Interventricular septum. 


Fig. 4. — : 


Sketch of the opened heart (see Fig. 3), showing the chambers and parts and 
indicating by arrows the course of the blood flow. 
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Immediately below tlie defective interauricular septum there was a defective 
interventricular septum with crescentic border curving downward instead of up- 
ward. To the left of this border there was an opening into a small left ventricle. 
This entrance was guarded by one normal, thin valve on its left wall, and portions 
of two other valves which rode over the septal margin and continued into the right 
ventricle. Apparently, when the heart contracted these valves floated up and pre- 
vented regurgitation into the auricles, but at that time they were s uffi ciently elevated 
above the septal margin to allow blood to flow from the left ventricle into the right 
ventricle. This was the only outlet from the left ventricle. The left ventricle 
formed the apex of the heart. 

The two valves which rode over the septum, together with another valve which 
came down the middle of the right ventricle to be attached to a papillary muscle 
arising almost from the apex, were the valves of the right ventricle. The portion 
of the ventricle between these valves and their chordae \\ as apparently smaller than 
that part of this same ventricle which lay anteriorly and to the right. This larger 
portion of the right ventricle emptied into a single aorta, which was guarded by 
three apparently normal aortic cusps. Two coronary orifices, arising from the 
posterior and right sinuses of Valsalva, respectively, were apparently normal. The 
coronary arteries were not traced farther. 



Fig. 5. — The truncus and its first branches : a, right pulmonary artery ; i> and c, 
branches to upper portion of the body; d, right superior vena cava. A and B represent 
different stages of dissection and different aspects of the specimen. 

The Aorta and Pulmonary Arteries . — The aorta, or truncus itself, was lined with 
normal, smooth endothelium. It. was approximately 10 mm. in diameter at its 
origin. It pointed upward and to the left and arched back in the same general 
direction and manner as the normal human adult aorta. There was only this one 
outlet from the heart, however, and it remained intact for three centimeters. At 
this point (Figs. 5 and 6) its branches began. A common trunk on the right gave 
rise to tliree vessels which diverged almost immediately. The first (Fig. on) went 
straight to the right and ran to the liilum of the lung. It lay posterior to the vein 
which emptied into the right auricle. It was rather small, tapering off to an ex- 
ternal diameter of 2 mm. at its midportion, but becoming larger at the hilum, 
where the flattened artery was 5 mm. across. The middle vessel proceeded upward, 
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mul, after a distance of 10 mm., it, divided into two brandies. The third vessel, as 
far as could be seen in the specimen, remained single. These vessels were both .> 
mm. in external diameter. M'hnt parts were supplied by these arteries (l ip. o, h 
and c) was not ascertained before the orpan was removed. 

Just to the left of the common trunk from which these three vessels oripinated, 
and in the nnple it formed with the aorta, another vessel, :? mm. in diameter, arose. 
Above this point, naturally, the aorta became smaller. Five millimeters higher on 
the superior surface of the arch two vessels arose almost by a common trunk (Fip. 
(i, b and o), one 2 mm., and one it mm., in diameter. Opposite these two vessels on 
tho posterior undersurface of the arch, there arose another artery mm. in diam- 
eter, which curved posteriorly and downward for a distance of approximately 1 cm., 
and then turned sharply to the loft to the liilum of the left liinp (Fip. 0, c). '1 his 

artery promptly divided into much larper branches than its parent stem, the lower 
flattened artery beinp 9 mm. across, the upper f, mm. In the elbow formed by this 
artery there were two veins, to be described later, which emptied into the loft 
"superior cava.” From this point on, the aorta continued its arch without fur- 
ther important branches. 



Fig. 6. — The truncus and Its Inter branches, li and c. other arteries to the upper 
parts of the body ; c, the left pulmonary artery ; f, the left superior vena cava ; the 
pulmonary vein entering the left superior vena cava; /,. vein from tho posterior 
mediastinum. A and II represent different stages of the dissection and different 
aspects of the specimen. 

The Systemic Veins . — The inferior cava was on the left side, and entered the 
left auricle from below. Into it drained, as usual, tho veins from the liver. The 
left superior cava emptied into the upper portion of the left auricle. Two centi- 
meters above the auricle, there opened into this superior cava from the right n 
vessel which carried all of the oxygenated blood returning from the lungs (Fig. (>, 
0). One and one-lmlf centimeters above this there was a smaller vessel entering 
from the right which could be traced downward in the posterior mediastinum and 
was lost on the posterior wall of the esophagus (Fig. f,, h). l n the intact specimen 
the superior cava lay adjacent to, and somewhat posterior and to the left of, tho 
first portion of the truncus. The superior cava passed down anterior to the pul- 
monary vessels and the left main bronchus. 

On the right there was another superior eavn which emptied into the upper aspect 
of the nght auricle. It was about one-half (lie size of the left cava. It lay about 
1 cm. away from the first portion of the truncus and posterior and to the right of 
it. It passed in front of the right pulmonary artery and the liilum of the lung. A 
small tributary from the mediastinum entered on its posterior surface. This cava 
evidently drained the right side of tho neck and head. 
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The Pulmonary Veins . — Two pulmonary veins emerged from each lung and on each 
side joined to form a single vessel (Fig. 7). These vessels approached each other in 
the mediastinum posterior to the heart and pericardium. The right and left vessel 
met, and from the upper bolder there emerged a single vein which passed upward 
and to the left behind the left main bronchus and under the arch of the truncus. It 
then curved forward and down to the left across the left pulmonary artery and 
entered the left superior cava as described before (Fig. 6, g). This vessel became 
quite narrow, its flattened width being only 2 mm. as it passed over the bronchus. 
It was wider posteriorly and anteriorly. 

The Lungs . — The left lung was composed of three lobes. The upper was fairly 
large and occupied the superior and posterior half of the chest. The lower was of 
about the same size and occupied the inferior half of the chest. The fissure between 
these two lobes ran anteriorly about one-half the way and then passed anteriorly and 
upward toward the apex, separating from the upper lobe a small third lobe which 
lay anteriorly. The caudal end of this small and narrow lobe lay for a short distance 
against the lower lobe. This was the azygos lobe. 



Pig:. 7. — Diagram of the heart and vessels, showing the circulation : I.A.D., inter- 
auricular septal defect: infeiior vena cava; interventricular septal 

defect; L.A., left auricle; L.L., left lung; L.P.A., left pulmonary artery; L.P.V. , leu 
pulmonary vein; L.S.V.C., left superior vena cava; D.P., left ventricle; P.V., pulmonarj 
vein; R.A., right auricle; R.L., right lung; R.P.A., right pulmonary artery; R.l • ' 
right pulmonary veins; R.S.V.C., right superior vena cava; R.Y., right ventricle, 
Tr. art., truncus arteriosus. 

The right lung was composed of thiee lobes whose Assures ran as in the normal 
pattern. The middle lobe was smaller than usual because the heart occupied a por- 
tion of this side of the chest. There weie adhesions of the undersurface of this lung 
to the upper surface of the diaphiagm. 

The kidneys were essentially negative except that the left kidney had rather dark 
maikings in the inferior half, and near the lower pole there was a small, dark, pos- 
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sibly hemorrhagic area. The right kidney was approximately the same. Both kidneys 
showed definite fetal lobulation. The capsules stripped easily. 

The organs were not weighed; the thoracic and abdominal organs have been re- 
tained intact. 

DISCUSSION 


The Heart . — Two types of dextrocardia are recognized. In the type 
which Abbott 1 classifies as a, “the heart is not transposed, but presents 
simply a persistence of the embryonic stage in which the heart lies more 
to the right, and its apex is formed by the right half of the common ven- 
tricle.” The heart “appears to have undergone a simple rotation from 
left to right on its vertical axis, so that its left chambers come to lie 
more anteriorly and its right chambers more posteriorly.” 'Ibis, 
which is not a true transposition, is the condition present in the ma- 
jority of the cases of congenital dextrocardia without situs inversus. In 
these cases the heart is usually the seat of grave associated anomalies.” 

In Abbott’s second, or b, type, there is a complete reversal of all parts, 
so that the heart presents a mirror image of the usual condition. “In 
complete situs inversus this ‘mirror’ condition is the rule, but true trans- 
position of the heart only, without situs inversus, is exceedingly rare.” 

The presence of situs inversus in our case suggests that the dextro- 
cardia might be of the mirror-image type. Two facts, however, are 
against this interpretation. The apex was not formed by the right ven- 
tricle, but by the left, although the latter was the smaller of the two. 
In the second place, the persistent truncus arteriosus curved to the left 
and followed the course of the normal aorta. If the inversion were com- 
plete in all respects, it would be expected that the aortic arch would 
curve to the right and pass down along the right side of the vertebral 
column. It might be expected that there would be reversal of the lungs 
also, with three lobes on the left instead of the right, and an azygos lobe, 
if present, on the right. In the present case the reversal did not exist; 
the normal three lobes remained on the right, and the usual two lobes, 
with the azygos lobe, were on the left. 

On the other hand, neither does the case here described fulfill all of 
the requirements for inclusion in Type a. In the first place, situs in- 
versus was present, which is usually not the case in this type. Secondly, 
there was no “simple rotation” from left to right, bringing the left 
ventricle anterior. The left ventricle remained posterior and on the left 
side of the heart. 


According to Frazer , 2 the human embryonic heart in the sixth week 
is characterized by these features : the heart as a whole lies largely to 
the right; the right ventricle is larger than the left and is the origin of 
the truncus; the truncus passes upward and to the left; the small left 
ventricle empties only over the ineompleted interventricular septum. 
All of these characteristics existed in this heart, so that the conclusion 
is obvious that it represents the persistence of a normal stage of develop- 
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ment of the embryo. That the apex was formed by the left ventricle 
rather than the larger right may probably be ascribed to the growth of 
the left ventricle during the later stages of prenatal, and the fourteen 
months of extrauterine, existence. 

This heart does meet, then, the important criteria of Type a dextro- 
cardia; it lay largely to the right and presented a persistence of a nor- 
mal stage of embryonic development with “grave associated anomalies.” 

If this classification is correct, and the lungs are not reversed, there 
exists the very unusual condition of situs inversus below the diaphragm, 
but no inversion of the organs above. 

That the heart lay largely to the right rather than to the left may 
have been due, in part, at least, to the levoposition of the liver. The 
left lobe was thus higher than the right, which would crowd the heart 
from the left into the roomier right chest. 

The inferior cava emptied into the heart on the left instead of the 
right. The inverted position of the abdominal organs explains this. In 
an early stage there are two postcardinal veins. With the bulk of the 
liver developing on the left, it is easy to understand why the right post- 
cardinal vein should atrophy and disappear, leaving the left alone to 
ea rry the return flow of all subdiapliragmatic blood. 

Further evidences of the persistence of the fifth-sixth week embryonic 
stage were the incompleteness of both the interauricular and the inter- 
ventricular septa, the development of the foramen ovale in preparation 
for the completion of the interauricular septum, and the small size of 
the left ventricle, which has no function until the truncus has been 
divided into the two aortae. 

The Truncus . — According to Abbott, 3 ‘ ‘ Gierke suggests that the pres- 
ence of four semilunar cusps ... is positive proof of an undivided 
primitive arterial trunk, while the presence of three semilunar cusps 
. . . ai’gues that development of the aortic septum has occurred and that 
obliteration of one or other of the vessels had taken place as a secondary 
event.” In the ease here reported, the origin of the truncus Avas 
guarded by three normal semilunar A r alves. No structure Avas found 
that might IiaA r e been the remnant of the pulmonary artery. No ridges 
or signs of division were present in the truncus. The presence of the 
three vah^es, instead of four, was the only suggestion that this Avas not 
an absolutely true persistence of the primitive truncus. Otherwise, it 
definitely falls into the classification of this rare anomaly in Avliich 
Abbott 4 includes tAventy-one of her 1,000 rare cases of congenital heart 
disease. 

The truncus itself Avas a single A r essel without any eAudence of diA'ision 
or attempts at division. Three centimeters aboA r e its origin there arose 
tAVO A r essels, one on the right and one on the left, which were the on]}' 
sources of blood supply to the lungs. These represented the remnants 
of the sixth aortic arches, from which the pulmonary arteries develop. 
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This state of development is that present in the human embryo at the age 
of about five to six weeks, and is comparable to the adult condition in 
the frog - . The branches above these pulmonary arteries supply the 
upper portions of the body. Since they were severed in doing the 
autopsy, their distribution can only be assumed. 

It is of interest to note that these pulmonary vessels entered the 
Tiil inn of the lungs anterior to the main bronchi. 

The Systemic Veins . — In the early stages of development of the em- 
bryo, the sinus venosus is found to be a sort of pool, into which empty 
a right and a left precardinal vein and a right and a left postcardinal 
vein. In embryos of six to eight weeks of age the atria have developed 
much more rapidly in size than the sinus venosus, and incorporate the 
latter into the auricular wall. At the same time, the left precardinal 
and postcardinal veins usually atrophj' and disappear, so that, at about 
seven weeks, the blood from the head end of the embryo returns to the 
heart by the right preeardinal vein, now become the superior vena cava, 
and the blood from the caudal end returns by the right postcardinal 
vein, now become the inferior vena, cava. 5 

In our ease, development evidently ceased at the fifth or sixth week. 
Both preeardinal veins persisted, but the left was larger than the right. 
The sinus venosus was taken up by the auricular wall. The left post- 
cardinal vein persisted as the inferior vena cava because of the situs 
inversus, and the right, having no function, atrophied and disappeared. 
If the heart had continued its development and the septa had been com- 
pleted, only the smaller right superior cava, would have emptied into 
the right atrium; and the larger superior cava on the left and the in- 
ferior vena cava would both have emptied into the left atrium. 

The blood that entered the heart by these channels, however, was not 
all systemic blood. The return flow from the lungs was poured into the 
left superior cava and then was mixed further with the systemic blood 
in the communicating chambers of the heart. The case can therefore 
be said to belong to the group of congenital heart disease with cyanosis. 

The mixed blood passed from the heart into the truncus, and from 
thence part of it went through the branches to the lungs, as described 
above, and the rest to the various parts of the body. 

The Pulmonary Veins . — There is evidently some difference of opinion 
as to the origin of the pulmonary veins. According to Flint, 0 who made 
careful studies of the pig embryo, the pulmonary veins start in the 5 
mm. pig as a single outgrowth from the posterior wall of the undivided 
auricle. In the 6 mm. pig, the auricular septum has grown enough to 
indicate that this vessel empties into the left auricle. In the 7.5 mm. 
embryo, two small tributaries are seen, which are lost in the capillary 
plexus about the headgut, thus establishing a drainage system from the 
pulmonary anlage. 
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Schmidt,' according* to His, reported a single vessel entering the left 
auricle of a human embryo. The earliest embryo examined by His s 
himself already had four pulmonary veins. The rapid enlargement of 
the auricle engulfs the single and double branches, so that eventually 
there are normally in the adult four pulmonary veins entering the 
auricle directly. 

Keith , 9 in his recent textbook, makes the statement that “the pul- 
monary veins grow out from the pulmonary buds, and enter the left 
auricle through the venous mesocardium about the fifth week.” 

In the case here presented the manner of drainage of the pulmonary 
veins was so unusual that it is difficult to explain. If the primordial 
vein grew from the auricle, then branched to reach the pulmonary capil- 
laries, it must follow that this main stock eventually atrophied and 
disappeared, leaving the right and left brandies joined in the midliue. 
These sought an outlet through the devious capillaries about the pul- 
monary anlage and eventually followed the bizarre pathway here found. 
If the theory of Keith is correct, the vessel entering the auricle never 
existed in this case, but the vessels developed from the pulmonary bud 
areas, joined in the midline, and then followed the bizarre pathway to 
the left superior vena cava, instead of reaching the auricle. 

According to Tlioma, as translated by Flint , 10 it has been “found in 
the chick that arteries and veins are originally simple capillaries. The 
subsequent transformation of the latter into arteries, on the one hand, 
and veins, on the other, is due to their fortuitous location with reference 
to the primitive aortae and the venous ostia of the heart. Their growth 
in size bears a definite relationship to the velocity of the current in 
them, while their arterial or venous nature is determined by the charac- 
ter of the current . . . (which) depends naturally on its position on the 
arterial or venous side of the capillary plexus. ’ ’ 

When development ceases and growth continues, unusual tensions 
may be put on the pathways the blood usually takes. This may prove 
an obstacle to easy blood flow, and the blood seeks an outlet with less 
resistance through other and unusual channels in the capillary plexus. 
With the enlargement of the new channels because of the velocity and 
volume of the stream through them, their growth is stimulated further, 
while the normal pathways, carrying less and less blood, eventually 
atrophy and disappear. 

summary 

A ease of congenital malformations until several unusual features is 
reported. These features include situs inversus viscerum below the dia- 
phragm but not above ; dextroposition of the heart ; cessation of develop- 
ment of the heart at the fifth-sixth week stage of embryonic develop- 
ment; persistence of a truncus arteriosus with pulmonary arteries 
branching from this ; two superior venae cavae and a left-sided inferior 
vena cava ; and very abnormal pulmonary veins. 
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MEDIONECROSIS AORTAE IDIOPATHIC A CYSTICA 
Report op a Case, With “Healed” Dissecting Aneurysm 

Joseph Thomas Roberts, M.D.* 

Cleveland, Ohio 

/^YSTIC necrosis of tlie aortic media is a rarely recognized disease 
^ which Avas first described in 1929 by Ercllieim. 1, 2 The cystic de- 
generation develops in focal accumulations of chromatrophic or mucoid 
material, Avitli tearing of tlie elastic laminae of the media and Avitli some 
evidence of reparatory proliferation of connective tissues. The only 
thorough revieAv of the pathology of the condition Avliicli has been pub- 
lished in English is that of Moritz. 3 He found only tiveHe cases, 4 ' 9 
up to 1932, including three of his oavii. Glendy, Castleman, and White 10 
described typical cystic medioneerosis in eight of their nineteen cases of 
ruptured dissecting aneurysm; in the others, adequate histologic study 
had not been made. The condition A\ T as present in all five of the cases 
of “spontaneous” rupture of the aorta due to dissecting aneurysm re- 
ported by Klotz and Simpson. 11 Gobel 23 and Mile\v 2G have reported 
single cases. 

Thus, tAventy-seven cases of cystic medioneerosis have been found in 
the literature. All of the patients died from rupture of a dissecting 
aneurysm. It is evident, therefore, that the condition is of great patho- 
genic or etiologic significance in dissecting aneurysms. This pathogenic 
relationship has been overlooked in the othenvise thorough recent re- 
A r ieAYs of dissecting aneurysm. 12, 13, 14 

The purpose of this paper is to report a case of “healed” dissecting 
aneurysm due to idiopathic cystic medioneerosis of the aorta, in AA r liich 
the clinical and pathologic features Avere sufficiently distinctive to sug- 
gest the possibility of making the diagnosis during life. 

REPORT OF CASE 

Walter D., No. 100-525, a 33-year-old Avliite man, entered Lakeside Hospital Jan. 
23, 1937, suffering from severe cardiac decompensation. This was thought to he due 
to syphilitic aortic insufficiency with a bizarre valvular lesion. On the third hospital 
day, while lying quietly in bed, he suddenly complained of being dizzy, sat upright, 
and died almost immediately. 

Past History . — In August, 192S, he contracted syphilis. Intensive antisyphilitic 
treatment was given here from September, 192S, until November, 1931, during which 
time he received thirty-three injections of bismuth, forty-seven injections of 
arsenicals, and eleven injections of mercuric salicylate, besides mercury rubs and 
iodides. After April, 1930, his blood and spinal fluid Wassermann reactions were 
repeatedly negative. On frequent examinations no abnormality of the heart was 

From the Department of Medicine, AA r estern Reserve University School of Medicine 
and Lakeside Hospital. 

•Research Fellow in Medicine. 

Received for publication Feb. G, 1939. 


188 



ROBERTS : 


JIEDIONECROSIS AORTAE IDIOPATHICA CYSTICA 


189 


ever detected ; liis blood pressure was always witlnn the normal range. In c o ei , 
1933, a soft systolic murmur was heard over the aortic aTea. 

Present Illness .— On Feb. 19, 1934, while carrying a heavy basket on his job as a 
train porter, he suddenly suffered from severe substernal pain of an oppressive na- 
ture, extreme weakness, dizziness, shortness of breath, palpitation, chilliness, and 
muscular pains. The physical signs were those of highly developed aortic regurgita- 
tion, with a very marked diastolic aortic thrill and an Austin Flint murmur. In addi- 
tion, there was also a very intense systolic thrill of a peculiar vibratory nature, and 
a long, coarse, whistling systolic murmur over the aortic area and neck vessels. The 
blood pressure was 160/30. Syphilis was thought to be the sole cause. The ex- 
tremely loud murmurs and intense thrills suggested the possibility of rupture of an 
aortic valve cusp. During the next two years he was a cardiac invalid, but remained 
in fairly good condition except for frequent, transient exacerbations of symptoms. 
These responded well to rest in bed, digitalis, sedatives, iodide, and bismuth. The 
physical findings remained about the same except for the appearance of a difference 
in blood pressure in the two arms, e.g., 160/40 in the right arm and 200/40 in the 
left. Progressive enlargement (Fig. 1.) of the whole heart and the great vessels was 
demonstrated by percussion and fluoroscopy. 



A. 


B. 


. '"iff. 1- Roentgenograms of the chest, showing the progressive pnlurirpmpni f , 
rnf; t!le Ume of tlle onset of s>-« e s SS ind March? 


Heart sound tracings (Fig. 2) showed, at the apex, a double component to the 
second sound, with a marked diastolic murmur which was greatly accentuated in 
presystole, while at the aortic area there were a coarse diastolic murmur in pre- 
systole and a systolic murmur. Subclavian pulse tracings, which also suggested that 
the va yubu- lesion was peculiar in structure, showed a free ejection phase as in 
sypluhtm aortic insufficiency, but there was also a sharp incisura near the bottom of 
catacrotic limb. This indicated that the aortic valve was functioning and is taken 
as evidence of ring dilatation rather than valve distortion of either the rheumatic 
or syp uhtic type- The electrocardiogram was normal, except for increasing left axis 
deviation and the presence of U waves. 8 axls 

In November, 1936, serious decompensation developed for the first time will, 
edema of the ankles and legs and an enormous increase in the size of IHe Wt. it 
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heart sounds and murmurs were much louder and the thrills and shocks more intense 
than before. The change in character of the sounds and murmurs strongly suggested 
the possibility of rupture of an aortic cusp. In December, 1936, congestive heart 
failure began to progress rapidly. There was constant pain in the right lower chest, 
under the sternum, and over the precordium. On December 31, 1936, severe shooting 
pains began in the lower part of his back. These lumbar pains increased daily, and 
he complained of “ something wrong in his stomach.” His arms felt “weak and 
dead-like” and his feet were very cold. On Jan. 23, 1937, the pain in the epigastrium 
and lumbar region became so severe that morphine in large doses was required for 
relief. Three days later he died with dramatic suddenness. 

AUTOPSY 

Post-mortem diagnoses: Idiopathic cystic medionecrosis of the aorta, with numer- 
ous, small, dissecting aneurysms of the descending abdominal aorta ; rupture of the 
ascending aorta; healed focal dissection of the ascending aorta, with formation of 
a transverse projection into the lumen; hemoperieardium (SO 0 c.c.) ; left-sided hemo- 
thorax (400 c.c.); hypertrophy and dilatation of the heart (weight, 960 gm.); 
insufficiency of the aortic valve due to dilatation of the valvular ring; hyperemia of 
the lungs and liver; remote infarcts of the lower lobe of the right lung. 



Fig'. 2 hower curve: Heart sound tracings made with the receiver over the aortic 

area, showing systolic (1) and diastolic (2) murmurs. Middle curve: Subclavian 
pulse curve, showing the sharp ejection phase and the marked incisura near the 
bottom of the catacrotic limb. Upper curve: Heart sound tracings made with the 
receiver over the apex, showing the systolic murmur (1) and the two components 
(2 and 3) of the diastolic murmur. 

Heart . — Greatly enlarged in all chambers, measuring 20 cm. from base to apex 
and 14 cm. across the base. Both ventricles were greatly hypertrophied and dilated; 
the wall of the right ventricle was 36 mm. thick, that of the left 32 mm. The myo- 
cardium appeared firm and of normal color, with no gross infarction. The columnae 
carneae and pectinate muscles were flattened. The papillary muscles were essentially 
normal. The chordae tendineae were not thickened, shortened, or adherent. The 
cusps of the mitral, tricuspid, and pulmonary valves were thin, delicate, and showed 
no abnormalities. The aortic valvular ring was moderately dilated, measuring 9 
cm. in circumference. The aortic semilunar cusps were large, not deformed, and 
were not separated from eacli other or fused at the commissures. There was no evi- 
dence of syphilitic or rheumatic valvulitis. Aside from being greatly distended, the 
coronary arteries and veins were normal. 
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The aorta showed none of the typical changes of syphilis or advanced arteriosclero- 
sis. The entire ascending aorta formed a fusiform aneurysm which measured about. 
12 cm. in circumference. On the intimal surface there were large transverse tears in 
eight places in the ascending aorta, in one place in the arch just distal to the origin 
of the left subclavian artery, and in five places in the lumbar portion of the abdom- 
inal aorta. These transverse tears extended through the intima and for a short dis- 
tance into the media. Several were deeper, extending at. least halfway through the 
media; in these the media was split and slightly elevated above and below t lie tear 
(Pigs. 3, 5, G). Evidently these were beginning dissections. Through one of the 
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lowermost of the transverse tears in the ascending aorta, 3.5 cm. above the left 
coronary cusp, there was a rupture through the entire wall of the vessel (Pig. 3.). 
This was in the long axis of the transverse tear and was the only rupture of the 
aorta. Through it, approximately 800 c.c. of blood had escaped into the pericardial 
cavity, resulting in cardiac tamponade. 

Immediately above the origin of the right coronary artery there was a large trans- 
verse projection (Figs. 3 and 4) which was fairly smooth on both surfaces. This 
shelflike fold was fairly stiff and inelastic, and projected 1 cm. into the lumen of 
the aorta. It was semilunar, and so similar to an aortic valvular cusp that at first 
it was mistaken for a supernumerary right coronary cusp. Just above this trans- 
verse fold the intima was eroded or dissected away, leaving a rough, wrinkled area 
6 by 7 cm. in size. 



Fig. 4. — Photomicrograph of longitudinal section through the wall of the ascending 
aorta at site of the transverse shelf. Note the marked cystic degeneration in the 
media, with rupture of elastic laminae. The edge of the right coronary cusp of t,lC 
aortic valve is seen at the left, near the bottom. IVeigert elastic stain ; magnifica- 
tion, 18 diameters. 

The remainder of the thoracic aorta, and especially the lower lumbar portion of 
the abdominal aorta, showed a few irregular atheromatous plaques of small size and 
a few small areas of wrinkling, but in general it was quite smooth and entirely de- 
void of evidence of syphilitic aortitis. No thrombi were present. 
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Microscopic Examination . — Sections from many portions of the aorta showed 
foeal accumulations of chromatrophie material between the elastic laminae of the 
media throughout the entire vessel. In most places this material contained minute 
vesicles, and frequently there were larger cavities apparently formed by fusion of 
adjacent vesicles. Generally, the intima appeared normal, and nowhere did the 
adventitia show significant changes. The vasa vasorum showed no endothelial pro- 
liferation, and there were no perivascular eellular infiltrations. 

Sections through the regions of the transverse tears of the intima and media in 
both the ascending and abdominal aorta showed the characteristic changes of 
“ medionecrosis aortae idiopathica cystica," as described by ErdlieiiiqB 2 Moritz, 3 
and others. The fissures were due to tearing of the intima and about half tlie thick- 
ness of the media. In these places the chromatrophie accumulations between the 
elastic laminae of the media were more abundant, and showed necrosis with forma- 
tion of cysts of various sizes. Many of the cysts were large enough to be visible 
with the unaided eye, and often measured as much as 5 or G 111 m. in length by 1 or 2 
mm. in width. The elastic laminae were ruptured near the edges of the cysts, leav- 
ing loose ends and spurs of elastic tissue projecting into the cavities. Short pieces 
of elastic tissue were seen free in some cysts. The unruptured elastic tissue bundles 
appeared broken up into tiny globular masses with loss of fibrillar structure. 



stain, see text for more detailed descAption. M^ tissue 


The larger cysts, especially those underlying the intimal tears, usually showed more 
or less production of collagenous tissue, with irregularly arranged young fibroblasts. 
The arrangement of these cells and fibers was sometimes at right angles to the 
axis of splitting of the media by the cystic necrosis, and their appearance suggested 
aling hy strengthening of the disrupted elastic laminae. There was no evidence 
of prohferatmn of elastic tissue. In these areas of collagenous proliferation there 
was often secondary necrosis. The cystic degeneration was most marked in + 1 .„ 
neighborhood of the middle third of the muscular coat. This was the level at which 

° ' '" Jia “ a » w»«« 
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The transverse fold of tissue (Pigs. 3 and 4) just above the aortic valve was seen 
microscopically to have been produced by dissection of the inner half of the media 
along a line of most advanced cystic medionecrosis. The fold itself consisted of the 
endothelium and subendotlielium of the intima on its proximal, or cardiac, side, plus 
about one third of the thickness of the media. The rough area just above the fold 
allowed only the thin remaining portion of the media, together with an irregular 
endothelial covering. The presence of endothelium here and on the distal surface of 
the fold showed that the dissection of the media resulting in this anomaly had oc- 
curred long enough before death to permit repair of the surface. 

The cystic degeneration in the proximal portion of the ascending aorta was more 
extensive than anywhere else. Here many of the larger cysts were multilocular. At 
the angle between the ‘ ‘ healed ’ ’ focal dissection, just above the right coronary cusp, 
and the thin remaining portion of the aorta, there was abundant proliferation of 
fibroblasts. Much of the fibrous connective tissue here had undergone hyaline de- 
generation. 

The myocardium showed the changes typical of marked hypertrophy. There were 
no areas of severe scarring. The coronary vessels showed only general dilatation. The 
cystic medionecrosis of the aorta stopped abruptly at the orifices of these vessels. No 
severe changes of an arteriosclerotic nature were present. No perivascular cellular 
infiltrations were detected. 



Fig. 6. — Photomicrograph showing high-power detail of a portion of the area in Fig. 5. 
Van Gieson connective tissue stain. Magnification, 117 diameters. 


A great many sections of aorta, heart, and other organs were studied by modifica- 
tions of the ‘Warthin-Starry technique for spirochetes, with known, positive material 
as a control. No spirochetes or suggestive structures were seen in any section. 

DISCUSSION 

An attempt to correlate the sequence of clinical ancl pathologic 
events in this ease is of great interest, although, of course, speculative. 
The onset of the dissection resulting in the transverse shelf just above 
the aortic ring was probably marked by the sudden attack in Febru- 
ary, 1934. At that time, examination disclosed the usual manifesta- 
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tions of severe aortic regurgitation, plus an intense, rough, systolic 
aortic thrill and nnmnnr suggesting a bizarre valvular deformity or 
ruptured aortic cusp. Many examinations previously had revealed no 
such abnormalities. The dating of the dissection at some remote time 
is justified by the fact that the transverse fold was covered with endo- 
thelium. Arrest of the dissection at that time, with healing, pie 
vented the rupture and deatli which occur within a relatively slun t 
time in more than 90 per cent of cases of dissecting aneurysm. 1 -' 1 " 
The pain in the right lower chest was caused bv infarction of the lung. 
The retrosternal and precordial pain in December, 1936, was probably 
the result of the tearing and elevation of the intima and part of the 
media in the other transverse tears in the ascending aorta. The ex- 


tremely severe pain in the lumbar region after Dee. 31, 1936, was no 
doubt caused by the tears and beginning dissections in the abdominal 


aorta. 

The prominent transverse projection into the lumen of the ascending 
aorta accounted for the peculiar physical findings, especially the sys- 
tolic thrill and murmur, suggesting a ruptured aortic cusp. In retro- 
spect, the pulse pressure curves in this case (Fig. 2) may be interpreted 
as suggesting a widely dilated aortic ring with, however, intact valve 
cusps, and, together with the aortic sound tracing, may be useful in 
differentiating pure aortic insufficiency or stenosis from a condition 
such as was present in this case. In view of the generalized weakening 
of the aortic media, it is quite likely that the insufficiency was due to 
relaxation of the musculature supporting the aortic ring, as suggested 
by Anders. 10 Occurrence of the signs of aortic insufficiency in the 
presence of normal aortic valve cusps has been mentioned before, in 
reports dealing with dissecting aneurysms, by Resnick and Keefer, 17 
Borger, 18 Busse, 19 Letulle, 20 and Moreau. 21 


Most patients with dissecting aneurysm who have survived the initial 
attack have also developed greatly enlarged hearts within a relatively 
short time, and have died sooner or later from myocardial failure, if 
not from rupture of the partially destroyed aortic wall. Although the 
occurrence of this myocardial hypertrophy and failure has been recog- 
nized since the thorough reviews long ago by Peacock 22 and Moos- 
berger, 23 no satisfactory explanation has yet been developed. In some 
cases, the dissection has established a large artificial lumen, or communi- 
cation with a vein, resulting in failure as in arteriovenous aneurysm. 24 

As indicated in the descriptive name given to this disease by Erd- 
lieim, the etiology is entirely unknown. The theories closely resemble 
those proposed for dissecting aneurysm and for spontaneous aortic 
rupture, for which conditions it is probably the cause. Most of the 
reported eases occurred in middle-aged men with hypertension, in whom 
arteriosclerotic changes were usually not any more advanced’ than was 
consistent with the patient's age. On the other hand, quite a number 
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of cases have been in young individuals between the ages of 20 and 35 
years. Marked hypertension of considerable duration has been found 
in practically all reported cases of Erdheim ’s disease in which the 
patient was studied prior to the development of symptoms. However, 
in the case reported here, the blood pressure was always within the 
normal range on frequent examinations prior to the finding of the 
very large pulse pressure of fully developed aortic insufficiency on the 
day after the sudden onset of the cardiac illness. Shennan 28 found, 
in his analysis of all reported eases of dissecting aneurysm, that many 
of the patients were known to have had normal blood pressures. 

So-called “spontaneous” rupture of the ascending aorta has been 
reported 11 * 2S ' 20 in three young women, 22, 23, and 30 years of age, 
respectively, all of whom were in the last months of pregnancy. In 
all three the t.ypieal cystic medionecrosis of the aortic wall, as described 
by Erdheim, was found to be the cause of the rupture. The 30-year-old 
patient of Gobel 23 was known to have had “essential hypertension,” 
with a blood pressure of 145/95, eight years earlier, and died suddenly 
during an attack of eclampsia. The other two gave no history of dis- 
ease. Gobel collected eight previously reported eases of spontaneous 
rupture of the ascending aorta during the last months of pregnancy 
in young women 26 to 35 years of age; although histologic study was 
inadequate in these cases, it is probable that the cause was cystic 
medionecrosis. The significance of this occurrence during pregnancy 
is unknown, but the early age of the patients is most striking. 

It is hazardous to designate any lesion as “idiopathic” when there 
is a known history of syphilis, in view of the well-known protean 
manifestations of that disease. However, it does not seem probable 
that syphilis could be the cause of the disease described by Erdheim, 
for of all of the twenty-seven eases already reported, in only two was 
there any clinical or pathologic suspicion of syphilis. This patient 
began his antisyphilitic therapy within a month after the initial infec- 
tion, and followed the prescribed course of treatment for over three 
years ; his serologic tests became negative early and remained so. It 
is believed that his antisyphilitic therapy was adequate and that syph- 
ilis probably played no etiologic role in his disease. 

Some authors, including Osier 27 and Shennan, 28 suggest that pos- 
sibly syphilis may play some role in causing dissecting aneurysms. On 
the other hand, Loeschke 29 and Gager 30 believed that the proliferative 
reaction of syphilis has a binding effect on the layers of the media 
which tends to prevent the formation of dissecting aneurysms in syph- 
ilitics. However, the consensus of recent writers seems to be that 
syphilis neither predisposes to, nor prevents, dissecting aneurysms. 
Shennan 28 especially stresses this in his excellent review of 300 ac- 
cepted cases taken from the literature, in only thirteen of which was 
there any clinical or pathologic evidence of syphilis. 
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More important is the possibility that Erdheim’s idiopathic medio- 
necrosis cystica is due to some unknown substance, such as endocrine 
or infectious products, or drugs. This case is the only one reported 
in which there was any prolonged treatment with drugs. 

Likewise, it is improbable that heavy physical exertion causes either 
the disease or the dissecting aneurysms with which it is so often asso- 
ciated. Although strain or trauma is frequently associated with the 
acute onset of symptoms, the underlying pathologic changes have un- 
doubtedly developed earlier. The early stages in the pathogenesis oi 
cystic medioiiecrosis arc unknown, for only cases in which the lesions 
were advanced and resulted in fatal rupture of the aorta have been 
recognized. 

It is very important to stress the pathogenic significance of medio- 
iiecrosis aortae idiopathiea cystica in dissecting aneurysms. In all ol 
the twenty-eight cases reported, this lesion resulted in death irom 
ruptured dissecting aneurysm. The histologic descriptions and illus- 
trations in Sh email's monograph- 8 suggest that in at least seven of 
his seventeen eases of dissecting aneurysm there were present the 
typical changes of Erdheim’s cystic medionecrosis. The histologic de- 
scriptions of “dissecting avteriitis or mesaortitis,” made long ago by 
Babes and Mironescu 34 and by Whitman and Stein, 33 suggest that their 
two eases of dissecting aneurysm were also examples of the idiopathic 
cystic medionecrosis described by Erdheim ; no doubt the literature con- 
tains other isolated cases which, if they had been studied more carefully 
histologically, could have been included in this group. Unfortunately, 
very few of the hundreds of reports on dissecting aneurysms have in- 
cluded adequate histologic descriptions. It is not impossible that dissec- 
tion of the media might be due occasionally to definite changes in the 
aorta associated with arteriosclerosis, syphilis, or points of “lowered re- 
sistance.” Such points of “lowered resistance” may exist, at the in- 
sertion of the atrophied ductus arteriosus, as stressed by Peery. 33 - 32 In 
thirteen of his 300 collected cases, Shennan 28 described changes in the 
aortic wall, due to congenital stenosis or occlusion of the isthmus, which 
had led to rupture and dissection in the media. However, it seems cer- 
tain that the most important underlying lesion in eases of dissectin'* 
aneurysm is this idiopathic cystic medionecrosis which has been so gen- 
erally overlooked. Recognition of this disease process should result in its 
more frequent diagnosis, especially in patients with dissecting aneurysm 
who come to autopsy. 

The association of cystic medionecrosis and dissecting aneurysm 
should be considered in the differential diagnosis when patients com- 
plain of sudden, severe, tearing, or stabbing pain in the chest, especially 
lf there 18 also P a3n 331 the back, or pain radiating into the legs or arms. 
The differential diagnosis of dissecting aneurysm should not. be too diffi- 
cult if the possibility is only borne in mind. It is usually not suspected. 
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The most common errors in diagnosis are to mistake it for eoronar y 
occlusion, angina pectoris, syphilitic aneurysm, pulmonary embolism, 
or rupture of an aortic cusp. The recent excellent papers of Shennan, 2S 
Osgood, 13 Glendy, 10 McGeachy, 14 et al., should stimulate clinical acuity 
in the diagnosis of dissecting aneurysm ; Wood and his associates 12 have 
given special consideration to its roentgenographic features. 

In cases in which dissecting aneurysm of the ascending aorta has 
been thought of, the sudden development of a very intense systolic thrill 
and murmur over the aortic area, in addition to the aortic diastolic 
murmur and other signs of aortic regurgitation, should be enough to 
suggest the possibility that there is an abnormal transverse shelf of dis- 
sected media, such as occurred in this case. Rupture of an aortic valve 
cusp will be very difficult to differentiate; the clinical features of this 
condition were admirably reviewed by Howard, 30 and more recently by 
Kissane, Koons, and Fidler. 37 Likewise, the possibility that aortic 
stenosis may be combined with the insufficiency must be excluded on the 
basis of history, pulse pressure measurements and tracings, and roent- 
genologic features. 

Treatment should be directed mainly toward relief of the pain of the 
acute attack and prevention of any exertion that might tend to raise 
the blood pressure. Later, venesection and the administration of nitrites 
have been suggested. No benefit is to be expected from any known 
surgical operation. 

The prognosis in cases of dissecting aneurysm is very grave. For that 
reason its diagnosis is of great importance, especially because of the 
more cheering results promised by the modern treatment of coronary 
occlusion, with which it is most likely to be confused. In the ma- 
jority of reported cases the patients have died within a period of a 
few hours or days, although a few have survived for longer periods. 
Very rarely, indeed, the dissection may become arrested, with more or 
less complete healing, such as probably occurred in this case, with much 
longer duration of life. Ultimately, however, complete rupture of the 
vessel wall or myocardial failure will result in death. At present no 
method is known of recognizing the changes preceding dissecting aneu- 
rysm prior to the acute onset of symptoms. If such recognition were 
possible, no specific or arresting therapy is known. 

CONCLUSION 

1. This is the twenty-eighth case to be reported in which there were 
the typical changes of medionecrosis aoriae idiopafJnca cystica, as de- 
scribed by Erdlieini; in all of them, this disease was the pathogenic 
basis for ruptured dissecting aneurysm. 

2. The cystic medionecrosis had caused several, small, dissecting 
aneurysms of the aorta. One of these had ruptured, causing death. 
Another had evidently formed about three years before death ; healing 




of this had produced a prominent 
aorta, resembling: a semilunar cusp. 


transverse ridge in the ascending 
and giving rise to peculiar physical 


signs. 

3. The ante-mortem diagnosis ol" dissecting 
ciated pathologic picture of Erdhcim s cystic, 
made more often than it is. The diagnosis of 


aneurysm, with the nsso- 
medionecrosis, should be 
this condition warrants a 


grave prognosis. 

For permission to report this case and helpful suggestions. I tun indebt nil to Prof, 
j T . wcarn, Prof. II. T. Knrsner. Dr. A. 11. Moritz, Dr. .T. M. Dayman, Jr., and Dr. 
H. N. Foil. The autopsy was performed by Dr. Joseph Kalm. 
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THE EFFECTS OF DIPHTHERIA TOXIN UPON THE HEART* 

Robt. W. Boyle, Ph.D., C. II. McDonald, D.Sc., and 
A. F. DeGroat, M.D. 

Little Rock, Ark. 

C ARDIAC failure during, or following, the acute stage of diphtheria 
is not uncommon. Surprisingly, death from this cause is frequently 
not entirely explained by the pathologic changes in the heart. This sub- 
ject has been studied repeatedly during the past thirty-odd years 
(Warthin, 1 1924). The lesions generally described are (grossly) dilata- 
tion of the right-sided chambers, flabbiness, friability, greyness, opacity, 
and tigroid mottling of the myocardium, and (microscopically) inter- 
stitial edema, congestion, leucocytic infiltration, and alteration ol the 
fibers, such as loss of cross striations, hyaline degeneration, granularity, 
vacuolization, and even necrosis. There appears to be no selective action 
on the conducting system. The frequent, paucity, or even absence, of 
cardiac lesions, contrasted with the dramatic collapse in diphtheria, has 
led some authors to look elsewhere for the cause of death, or to hy- 
pothesize a functional alteration of the myocardium. With this last 
phase of diphtheria intoxication we are chiefly concerned. 

Disorders in conduction were early noted. Hugucnin 2 (1S90) first ob- 
served heart block. Alsleben 3 (1909), by graphic registration, dem- 
onstrated complete A-Y dissociation, and this was confirmed electro- 
cardiographically in 1913 by Rohmer. 4 Little has been added to these 
facts. In a I'ecent summary of their observations on electrocardio- 
graphic changes in such hearts, Burkhardl and his associates 5 (1938) de- 
scribe: (a) alterations of the T wave which may vary from a slight de- 
pression of the S-T line to inversion, a diphasic form, or complete 
extinction of the T wave; and (b) various degrees of conduction changes, 
varying from prolongation of QRS to complete A-V dissociation. They 
observed no deaths in cases in which alterations of the T wave were the 
sole electrocardiographic disturbance but did note that conduction 
changes were of grave prognostic significance. McCulloch (1920) 
stated that in cases in which there were profound disturbances in con- 
duction the outcome was usually fatal. He expressed the opinion that 
“recovery in these cases depends upon the ability of the heart to preserve 
a cardiac reserve sufficient for the need of the patient” and that “cardiac 
failure results when this reserve is used up.” Cardiac reserve is a dif- 
ficult thing to put into terms more specific than “the capacity of the 
heart to do work.” McCallum 0 (1914), in an experimental study upon 
dogs, found that the actual amount of work done by the diphtheria- 
poisoned heart was as great as that done by the normal heart, and he 
conclud ed that death occurring during the height of an attack of diph- 
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theria is not necessarily exclusively the result of a direct injury to the 
heart. If we define cardiac reserve in terms of physiologic extensibility 
of the heart’s fibers, it is conceivable that the heart, as described by Me- 
Callum, may be performing its work, yet he extremely close to the 
physiologic limits of dilatation. 

The extent and the mechanism by which glycogen contributes to the 
cardiac reserve are not inarguable matters. Neither is the behavior of 
cardiac glycogen during the course of an acute diphtheritic infection a 
matter upon which everyone agrees. Experimentally, the results of 
studying the action of the toxin upon the heart have varied widely with 
different workers. Using a carmine staining method, Grunke and 
Kampf 7 (1933) studied the hearts of guinea pigs which had been injected 
with diphtheria toxin. They reported that in guinea pigs which had 
been given sufficient diphtheria toxin to produce death in 14 to 17.5 
hours no essential alteration of the glycogen content of the heart oc- 
curred, while in animals which had received doses of toxin sufficient 
to produce death in 168 to 273 hours the ventricles and the septum were 
found to be free of glycogen, and the glycogen content of the atria was 
notably reduced, as compared to the normal atria. It is worthy of note 
that the animals given the slowly lethal dose frequently died in con- 
vulsions. In contrast to the action of the toxin upon the glycogen stores 
of the heart, they pointed out that the hearts of guinea pigs starved for 
a period of 100 hours were rich in glycogen. 

Using a colorimetric method, v. Kiss and Kulcsar 8 (1934) obtained 
results considerably different from those just described. Guinea pigs 
which had been given enough toxin to produce death in 20 to 22 hours 
showed an average increase in the glycogen content of the whole heart 
of 36 per cent over that of the controls. Skeletal muscle glycogen and 
blood sugar showed parallel rises ; liver glycogen did not share in this 
rise. 

Grunke and his co-workers 9 (193S), using a chemical method, reinvesti- 
gated the glycogen content of the hearts of guinea pigs and white rats. 
They interpreted their results as showing an increased glycogen content 
of the hearts as a result of small and repeated doses of diphtheria toxin. 
The greatest rise obtained, however, was to an average of 441 ± 61 mg. 
per cent from a normal level of 370 ± 43 mg. per cent, whereas in guinea 
pigs which had been starved for 24 hours and 72 hours the averages rose 
to 475 ± 14 mg. per cent and 554 ± 26 mg. per cent, respectively. 

We have deemed it worth while to study by a chemical method the 
glycogen distribution in the hearts of dogs injected with diphtheria toxin, 
and to attempt to correlate this with the electrocardiographic and 
pathologic findings in these hearts. 

METHODS 

Dogs free of disease were placed upon a basic diet which was complete in so far 
as the known food requirements are concerned and kept a sufficiently long time to 
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establish a normal heart rate, as shown electrocardiograplucally Th ^ 
injected subcutaneously with diphtheria toxin* in doses varying from 1.8 M. L. V. 
to 81 M. L. D. per kilogram of body weight. (M. I, D. refers to- he — 
lethal dose for a guinea pig.) Electrocardiographic records were made daily. A 
such time as either recovery or death appeared imminent, the animal was selected foi 
a study of his cardiac glycogen. Analyses of the various parts of the heart for 
glycogen were conducted exactly as outlined in our preceding papers (Boyle and A c 
Donald, w 1938; McDonald, Boyle, and DcGroat,” 1938). The method is a modifica- 
tion of Pfliiger’s method. 

RESULTS 

Tables I, II, and III summarize the results obtained : 


Table I 


Glycogen Distribution in the Hearts op Normal Dogs (Mg. Per Gm. op Tissue, 

Calculated as Glucose) 


NO. 

right 

ATRIA. 

LEFT 

VENTRICLES 

RIGHT LEFT 

SEPTUM 

N-l 

4.4 

5.5 

6.9 

4.2 

6.6 

N-2 

6.6 

9.3 

10.4 

6.7 

7.1 

N-3 

5.6 

6.S 

7.7 

6.5 

5.9 

N-4 

6.1 

7.4 

6.9 

5.7 

4.8 

N-5 

5.9 

7.4 

6.9 

7.5 

7.1 

N-G 

5.2 

5.5 

5.8 

4.3 

4.7 

A vg. 

5.7 

6.9 

7.4 

5.8 

6.0 


‘Furnished through the courtesy of Ell Lilly and Company. 


Table II 


Glycogen Distribution, Electrocardiographic Behavior, and Pathologic Bind- 
ings in the Hearts of Dogs Given a Quickly Lethal Dosage op Diphtheria 
Toxin. (Glycogen Calculated as in Table I) 


HOURS ELECTROCARBIO- 
DUEAT. GRAPHIC BEHAVIOR 


GLYCOGEN DISTRIBUT. 
ATRIA VENTRIC. SEPT. 
KT. LT. RT. LT. 


1-D 

20 

A-Y Rhythm 

6.8 

7.7 

7.8 

6.9 

5.3 

3-D 

21 

Depressed S-T 

6.1 

8.1 

9.3 

8.2 

7.1 

6-A 

23 

Depressed S-T 

4.0 

6.9 

4.4 

4.1 

4.3 



Average Glycogen 

5.6 

7.6 

7.2 

6.4 

5.6 


PATHOLOGIC 

FINDINGS 

Parencliym. Degen. 
Parencliym. Degen. 
Parencliym. Degen. 


Table III 


Glycogen Distribution, Electrocardiographic Behavior, and Pathologic Bind- 
ings in the Hearts of Dogs Given a Slowly Lethal Dosage of Diphtheria 
Toxin. (Glycogen Calculated as in Table I) 


HOURS ELECTROCAKDIO- GLYCOGEN DISTRIBUT. 

DURAT. GRAPHIC BEHAVIOR ATRIA VENTRIC. SEPT. 
RT. LT. RT. LT. 


PATHOLOGIC 

FINDINGS 


2-D 

88 

Partial A-V block, 
4:1 

6.7 

10.8 

9.4 

6.7 

6.2 

Parencliym. Degen. 

5-D 

89 

Dep. and Notch. 

S-T 

5.3 

7.3 

8.9 

8.8 

9.7 

Parencliym. Degen. 

6-D 

89 

Long P-R: Dep. 

S-T 

6.2 

9.2 

8.3 

6.9 

6.8 

Parencliym. Degen. 



Average Glycogen 

6.1 

8.8 

8.7 

7.4 

7.6 



DISCUSSION 

The electrocardiographic changes noted in this series are chiefly of 
the nature of block. The degree of block varied from a simple lengthen- 
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ing of the P-R interval to assumption of the pacemaker’s role by the 
ventricular bundle. Partial A-V block in a ratio of 4 :1 appeared once. 
The depressing, sloping, and notching of the S-T segment would suggest 
at least functional damage to the myocardium. The T wave was fre- 
quently diphasic, notched, or opposite in phase to the T wave which was 
normal for the particular dog. In one case the direction of the T wave 
was frequently positive, frequently negative. 

The term “parenchymatous degeneration” is employed in the above 
tables to designate such changes as granularity of the fibers, loss of cross 
striations, streaks of hyaline, and swelling or shrinking of the nuclei. 
These changes were not general for the whole heart nor general in its 
several parts. The magnitude of the changes was small. If seen in a 
routine autopsy, they would attract little attention. Worthy of note 
were the streaks of hyaline in scattered muscle fibers, which offered the 
nearest approach to a characteristic pathologic alteration. Each of the 
following abnormalities was seen once: subendocardial edema, sparse 
monocytic infiltration, and endothelial (endocardial) proliferation. 
The survival time of the animals, up to 89 hours, did not appreciably 
alter the findings. 

Analysis of these hearts for glycogen disclosed no striking alterations 
in either distribution or total content. Examination of all parts of the 
hearts of dogs which had been given a quickly lethal dose of the toxin 
showed a quite normal distribution. In those animals which were given 
a slowly lethal dose, averages show a 10 to 20 per cent rise in the atria 
and the left ventricle, no change in the septum, and a 7 per cent loss in 
the right ventricle. Considered on the basis of the whole heart for all 
the dogs given such a dose, a 10 per cent rise occurred. When we note 
the marked increase in cardiac glycogen during starvation, as described 
by Grunke and his co-workers, and consider that our dogs starved for 
three days because they refused to eat, we regard this rise as insignificant 
and probably due to this starvation, rather than to any specific effect of 
the diphtheria toxin upon cardiac glycogen. 

Mindful of the fact that many cardiac failures associated with diph- 
theria occur several days after the height of the infection, we injected 
sixteen animals with a smaller dose than that administered to dogs when 
we were seeking a delayed death. After these dogs appeared to be re- 
covering from the initial dose, we administered a second, and sometimes 
a third, dose, smaller in amount than the initial dose. Death resulted 
in fifteen of these sixteen cases. The one survivor, which had been 
given Ve M. L. D. on the first day, another *4 M. L. D. on the fourth 
day, and % M. L. D. on the eighth day, w r as studied on the eleventh day. 
His cardiac glycogen was well within the limits of normal, and his heart 
displayed no changes different from those previously described for this 
series. 

It is interesting to compare the behavior of cardiac glycogen in these 
cases of severe diphtheritic toxemia with that in severe hyperthyroidism, 
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which sometimes terminates in equally dramatic heart failuic. In the 
former there is a moderate increase, while in the latter there is a definite 
decrease. There is little evidence, we believe, that the cardiac failure in 
either event is primarily contingent upon a disturbance of glycogen 
metabolism. 

SUMMARY 

1. The hearts of seven dogs which had been given varying doses of 
diphtheria toxin were studied with respect to electrocardiographic be- 
havior, glycogen distribution, and pathologic changes. 

2. The electrocardiographic changes noted consisted of various degrees 
of block and abnormalities of the T wave. 

3. Parenchymatous degeneration of a mild degree was invariably pres- 
ent. The most characteristic change was the presence of hyaline streaks 
scattered through the muscle fibers. 

4. Glycogen, taking the heart as a whole, showed a 10 per cent rise in 
the hearts of dogs given a slowly lethal injection of diphtheria toxin. A 
rise was noted in the two atria and the two ventricles, and no change 
in the septum. A quickly lethal dose failed to produce any effects 
upon cardiac glycogen. 

5. In view of the increases in cardiac glycogen which occur during 
starvation, and of the self-imposed starvation (anorexia) always present 
in severe diphtheritic toxemia, it is suggested that the moderate rise en- 
countered in such cases is the result of starvation, rather than of any 
specific effect of the diphtheria toxin upon cardiac glycogen. 

The authors desire to thank Mr. J. R. Carter for much technical assistance. 
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THE EFFECT OF CARBON DIOXIDE INHALATION ON THE 
PERIPHERAL BLOOD FLOW IN THE NORMAL AND IN 
THE SYMPATHECTOMIZED PATIENT 

Irving E. Stbck, M.D., and Ernst Gellhorn, M.D., Ph.D. 

Chicago, III. 

HP HE blood flow in the human hand under the influence of various 
oxygen and carbon dioxide concentrations has been investigated by 
Gellhorn and Steck, 1 who found that carbon dioxide regularly induced a 
diminution of the blood flow during the period of inhalation of this gas, 
and that on readmission of air the blood flow returned to the original 
level. In contradistinction to the uniformity of these results, it may be 
said that the influence of various oxygen concentrations on the blood 
flow is more variable. In general, they found that with increasing sever- 
ity of the oxygen want the blood flow through the hand decreased, and 
this was followed on readmission of air by a marked compensatory phase 
in which the blood flow was greatly increased. In more moderate degrees 
of oxygen deficiency, induced by inhalation of oxygen-nitrogen gas mix- 
tures containing about 10 per cent oxygen, the opposite picture pre- 
dominated. Greatly increased blood flow during the period of anoxia 
was followed by a gradual return to normal on readmission of air. 

The results may be explained as follows. Three factors appear essen- 
tial in determining the blood flow through the hand under the experi- 
mental conditions mentioned above: 

1. The first is the influence of carbon dioxide excess and oxygen defi- 
ciency on the vasomotor center. According to the investigations of Lam- 
bert and Gellhorn, 2 the inhalation of carbon dioxide increases the vaso- 
motor tonus by direct stimulation of the vasomotor center and by reflex 
stimulation of this center through the chemoreceptors in the carotid and 
aortic bodies. Oxygen deficiency also increases the vasomotor tonus, but 
this is due solely to reflex stimulation of the carotid and aortic bodies, for 
after their removal the blood pressure decreases on inhalation of oxygen- 
deficient gas mixtures, whereas an increase occurs regularly as long as 
the peripheral chemoreceptors are intact. 

2. The peripheral effect of oxygen deficiency and of carbon dioxide 
excess on the blood vessels consists in dilatation of the blood vessels 
(Fleisch, Sibul, and Ponomarev, 3 1932), (Hermann, Morin, and Vial, 4 
1936, and others), and is therefore opposed to the central effects of flicse 
gases as described under 1. 
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3. The metabolism of the tissues is to be considered. When the oxygen 
supply to the tissues is temporarily diminished, either because the blood 
supply is diminished or interrupted, or because the amount of oxygen 
carried by the blood and delivered to the tissues per unit of tune is 
lessened, metabolites* are formed which bring about a dilatation of the 
blood vessels. This leads to an increased oxygen supply to the tissues 
and to the disappearance of these metabolites. The formation of me- 
tabolites seems to be responsible for the appearance of the compensatory 
phase after readmission of air. Although under the influence of carbon 
dioxide the blood vessels are constricted and the amount of blood flowing 
through the tissues is greatly reduced, the typical effects of oxygen de- 
ficiency in the tissues are absent. No compensatory phase occurs. This 
is due to the fact that carbon dioxide not only reduces the blood flow 
through the tissues but also reduces their metabolism (Rein 5 ). 



Fig. 1.— Simultaneous recording of blood pressure and blood Row in man. and the effect 
of the inhalation of 5.4 per cent carbon dioxide. 


The absence of this compensatory phase under the conditions of carbon 
dioxide inhalation makes the circulatory conditions much simpler than 
in the case of induced oxygen deficiency. After inhalation of suitable 
concentrations of carbon dioxide (4 to 5.4 per cent), there is only a 
rivalry between the central nervous impulses originating in the vaso- 
motor center and the peripheral effects of carbon dioxide. Under such 
conditions it was found regularly that the central effect predominates. 
Therefore the peripheral blood flow is reduced. This interpretation is 


‘This term is used advisedly, since the nature of these products is not 
coneLtrXn'of-lacTc M mV Moo'd fs'nStfnc^s^^EdwSrds 0 f T alt £ r tt / 
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made certain by recording blood pressure and blood flow simultaneously'' 
(Fig. 1). The reduction of blood flow coincides accurately with the 
period of elevated blood pressure. 

This analysis makes it clear that the investigation of the effect of 
carbon dioxide on the peripheral blood flow is carried out under simpler 
conditions than the corresponding anoxia experiment. Carbon dioxide 
appears, therefore, more suitable for the development of a physiologic 
test which would allow one to decide whether or not sympathetic impulses 
are present. 

METHOD AND MATERIAL 

Tlie changes in blood volume were recorded by Freeman ’ss plethysmographic 
method. The temperature of the hand was controlled by means of water circulating 
between an outer and inner cylinder; the water space was one-lialf inch in diameter. 
This cylinder was connected to a control tank equipped with an electrothermostat 
which kept the water bath at a constant temperature. The water was kept circulat- 
ing by means of a motor. Two inlets were attached near the front end of the 
cylinder; the outlet was a single hose at the back part of the cylinder. 

The outer cylinder was provided with a flanged surface at the front, over which 
a rubber cuff was stretched and made secure with a ring screw clamp. The rubber 
cuffs used were of various sizes, depending upon the size of the hand and wrist 
of the subject. A perfect contact with the wrist as close to the hand as possible 
was thus obtained. The subject rested for twenty minutes before the hand was 
placed in the pletliysmograph, and from five to ten minutes after the cuff had been 
applied. The hand volume was recorded by means of a tambour made of fish skin, 
which was connected to the inner chamber of the pletliysmograph. A pressure of 
55 to 60 mm. Iig was applied to the arm to occlude the venous return from the hand. 
The change of volume of the hand was recorded on a kymograph. 

After the influence of various oxygen and carbon dioxide concentrations on the 
peripheral blood flow in normal individuals was determined (Gellliorn and Stecki), 
additional experiments were carried out on six patients who had undergone bilateral 
sympathectomy of the hand. The following patients were put at our disposal 
through the kindness of Dr. G. de Takats. 

Case 1. — SI. G., 44 years of age, a white woman, was admitted to the Illinois 
Research and Educational Hospital Nov. 16, 1937, with the complaint that her 
fingers and toes became numb when exposed to cold, and that the distal phalanges 
became white, then dark blue, when she returned to a warm room. The onset was as 
follows. About five years previous to admission, the patient first noticed that the 
tips of her fingers became white and numb when exposed to moderately cold weather 
or cold water. When she warmed the fingers, they turned “black” and felt swollen. 
This condition became progressively worse. The diagnosis was Raynaud’s disease. 
On Nov. 16, 1937, a “typical”! cervical sympathectomy was performed. On March 
1, 193S, peripheral blood flow determinations were begun and continued for several 
months.! 

*lVe are greatly indebted to Dr. C. W. Dar row for recording the blood pressure with 
bis apparatus. Cf. Darrow: Continuous Records of Systolic and Diastolic tsiooa 
Pressure, Arch. Neurol, and Psycliiat. 38: 3G5, 1937. 

fin the “tvpical” cervical sympathectomy the stellate ganglion is removed, and the 
sympathetic chain is cut below the second dorsal ganglion. 

tTliis was done in all cases. 
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Case 2— E. E., 38 years of age, a -white woman, was admitted to the Illinois 
Research and Educational Hospital Dec. 27, 1937, with the complaints of pain and 
numbness of the hands and fingers of two years’ duration; pain m the joints ami 
back of one year’s duration; and coldness of the hands of two months’ duration. The 
onset was as follows. Two years prior to admission this patient awoke m the morn- 
ing with numbness in both hands. These attacks recurred at regular intervals 
throughout the winter, were less frequent through the summer months, then finally 
subsided, but recurred at a later period. The attacks became more severe when the 
hands were exposed to cold and were accompanied by cramplike pains in the fingers. 
The pain was relieved by heat. The symptoms, however, became more frequent and 
more severe at the time of admission. An attack of numbness and cramplike pains 
occurred every night. The diagnosis was Raynaud’s disease. On Dec. 12, 19..7, 
an “extended”* cervicodorsal sympathectomy was performed on the right side. On 
May 3, 193S, peripheral blood flow determinations were begun. 

Case 3. — M. M., 44 years of age, a white woman, was admitted to the Illinois 
Research and Educational Hospital Jan. 31, 193S, with the complaints of bilateral 
paresthesia and anesthesia of the arms and hands and attacks of pain with white- 
ness of the extremities. The color later changed to blue and finally became a 
“beefy” red, which lasted from two to four hours. These attacks were brought on 
by emotional upsets, and the symptoms were aggravated by cold weather. The 
onset was as follows. Four years prior to admission the patient first noticed numb- 
ness, whiteness, and “beefy” redness of the fingers. The attacks increased in 
severity and frequency. The diagnosis was Raynaud’s disease and ncvirocircnla- 
tory asthenia. On Feb. 1, 193S, a “typical,” cervical, incomplete sympathectomy 
was performed on the right side. On Feb. S, 193S, an “extended” cervical sym- 
pathectomy was performed on the left side. On March 18, 193S, peripheral blood 
flow determinations were begun. 


Case 4. — M. S., 33 years of age, a white woman, was admitted to the Illinois 
Research and Educational Hospital, March 14, 1938, with complaints of coldness, 
pain, tingling, and weakness of the extremities. This condition was aggravated by 
exposure to cold or by fatigue. The onset was as follows. The patient was well 
until ten years prior to admission, when she first noticed a gradual onset of pain, 
which was sharp and sometimes tingling in character, in the upper extremities, par- 
ticularly on the left side. The pain often started in the right shoulder and radiated 
to the ulnar side of the arm. Exposure to cold or exertion precipitated it. The 
diagnosis was Raynaud’s disease. On March 22, 193S, an “extended” cervical 
sympathectomy was done on the left side, followed on Aug. 23, 1938, by an “ex- 
tended” cervicodorsal sympathectomy. On May 27, 193S, peripheral blood flow 
determinations were begun. 


Case 5.— D. S., 34 years of age, a colored woman, was admitted to the Illinois 
Research and Educational Hospital, Feb. 19, 1938, with complaints concerning swell- 
ing and coldness of both hands. The onset was as follows. One year prior to ad- 
mission this patient noticed that her hands were swollen in the morning, and that 
whenever her hands were exposed to the cold the circulation seemed to stop The 
diagnosis was Raynaud’s disease. On Feb. 19, 193S, an “extended” cervical sympa- 
thectomy was performed on the right side, followed on March 1 193S bv an' “ex 
tended” cervical sympathectomy on the left side. On March 21, 1938, peripheral 
blood flow determinations were begun. * 1 


removes ^the^thfrcl when ho 

ganglia. The vertebral artery is also stripped. ° the stellate second thoracic 
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RESULTS 

The results were uniform and may be illustrated by a typical record 
(Fig. 2). The vasoconstriction in the hand which had been regularly 
observed in normal individuals was completely absent. During the in- 
halation of relatively low concentrations of carbon dioxide (5.4 per cent), 
there was either no change in blood flow or an increase; whereas, with 
6.4 per cent carbon dioxide, the blood flow was regularly increased. On 
readmission of air the blood flow returned to the normal level. The re- 
sults indicate clearly that the sympathetic (vasoconstrictor) impulses 
were absent. When a change in blood flow occurs, it probably is due 
partially to the effect of increased blood pressure and partially to the 
peripheral (dilating) action of carbon dioxide. 


HAND 6.4%CO z M - e - al ^P- ^ bge to m j 



Fig. 2. — The influence of 5.4 per cent and 0.4 per cent carbon dioxide on the blood flow 

in the sympatheetomized hand. 

Four of our five patients gave such responses, thus leading to the con- 
clusion that the sympathetic innervation to the hand had been completely 
removed. 

In one case we found, in two out of five experiments with 5.4 per cent 
carbon dioxide, a distinct reduction in blood flow, which, however, did 
not persist throughout the whole period of carbon dioxide inhalation. 
In the other three tests the blood flow remained unchanged. We con- 
clude from these experiments that the sympathectomy in this patient 
was incomplete. 

There was, however, a disagreement between the results obtained with 
our method and those obtained by clinical observation in regard to one 
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patient (M. M.). Clinically, she showed some residual sweating in the 
right hand, hut the plethysmograph test showed absence of vasoconstric- 
tion during the inhalation of 5.4 per cent carbon dioxide. This seems to 
indicate that carbon dioxide may have been unable to bring about a 
vasoconstriction in the hand, even if some sympathetic fibers were still 
functioning, as shown by the sweating of the hand.® Only further ex- 
perimentation on a larger number of patients can solve this problem. 

The use of oxygon-deficient gas mixtures for similar purposes seems 
to us, on the basis of numerous experiments, unjustified. As mentioned 
before,! greatly increased blood flow occurs frequently in normal in- 
dividuals during oxygen deficiency. Moreover, the experimental sub- 
ject who responds to a given oxygen-nitrogen gas mixture with a de- 
creased flow, followed (on readmission of air) by a compensatory in- 
creased flow, may on another occasion show the opposite type of re- 
sponse. The observation of Freeman, in two eases, that the normal hand 
showed vasoconstriction and the sjunpathectomized hand showed vaso- 
dilatation under the conditions of oxygen deficiency cannot be consid- 
ered proof of the absence of sympathetic impulses in the second record, 
since, according to our experiences, a reversal in vasomotor response to 
oxygen deficiency may occur even in the normal. 


SUMMARY AND CONCLUSIONS 

Investigations on the influence of the inhalation of oxygen-deficient 
gas mixtures and of carbon dioxide in air on the peripheral blood flow 
in the hand of sympathectomized patients are reported. 

It was shown that, whereas carbon dioxide regularly reduces the blood 
flow in normal persons, this reaction does not occur after sympathectomy. 
It was then found that with relatively low concentrations of carbon 
dioxide the blood flow remains unchanged, and that higher concentra- 
tions bring about an increased blood flow. This is probably due to the 
increased blood pressure and dilating action of carbon dioxide on the 
peripheral blood vessels, which is unopposed by the normally present 
and increased sympathetic impulses originating in the vasomotor center. 

Tests carried out with oxygen-deficient gas mixtures are incapable of 
determining the presence or absence of sympathetic impulses. 
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T HE importance of detecting cardiac enlargement in children with 
rheumatic heart disease is generally recognized. Without enlai fie* 
ment, the significance of murmurs, especially apical systolic mm nun s, 
often remains doubtful. Marked cardiac enlargement, presents no dif- 
ficulties; it is usually obvious by physical as well as by radiologic exami- 
nation. It is the detection of slight or moderate cardiac enlargement 
that is particularly difficult. 

In recent years special radiologic procedures have been developed to 
detect enlargement of the individual chambers of the heart, and new 
ways of measuring the size of the heart in the anteroposterior position 
have been devised. 


1. Method for Detecting Enlargement of the Left V nit rich. 

Wilson 1 has been able to detect slight enlargement of the left ventricle 
by determining the degree of rotation necessary to separate tin* left 
lower cardiac border from the vertebral column in the left anterior ob- 
lique position. In 07 per cent of 110 normal children, ranging in age 
from 5 to 15 years, the “angle of clearance.” was less than 55 degrees. 
This author, therefore, concluded that angles of 55 degrees or more were 
abnormal, indicating left ventricular enlargement. Wilson compared the 
findings in the normal group with those obtained in children will) sus- 
pected or definite heart disease. In sixtv-four cases of potential heart 
disease, 7G per cent of the patients showed an angle of clearance of 55 
degrees or more. This was interpreted by the author ns an indication of 
cardiac involvement. In 84 per cent of 14S cases of mitral insufficiency 
the angle of clearance was 55 degrees, or move. 


2. The Detection of Enlargement of the Left Auricle. 

It is generally accepted that slight, enlargement of the left auricle can 
best be detected by observing the course of the barium-filled esophagus 
in the right anterior oblique position. In order to evaluate the results 
obtained by this method, it is important to bear in mind the normal varia- 
tions in the contour of the esophagus. The relation of Ihc esophagus to 
the heart and great vessels has been carefully studied by Evans." This 
authoi found that in normal individuals the left auricle produces a slight 


•This wolk was alilcil by a Riant from the Commonwealth 
Received for publication Feb. 27. 1939. 
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curve, or impression, which varies with body build. The normal auricular 
curve is usually more marked in pyknic than in asthenic individuals and 
tends to be more evident in children than in adults. The interpretation 
of a slight increase in the auricular curve in the right anterior oblique 
position is therefore particularly difficult in children. 

If the enlargement of the left auricle is sufficiently marked, the dis- 
placement of the barium-filled esophagus to the right is visible in the 
anteroposterior position. Very pronounced enlargement of the left 
auricle can also be seen in the left anterior oblique position. The en- 
larged auricle extends to the left bronchus, giving it a “pushed-up” ap- 
pearance, and widening the tracheal angle. 

3. Measurements. 

Various ways of measuring the size of the heart in the frontal plane 
and correlating the findings with other bodily measurements have been 
described. The cardiothoracic ratio 3 was formerly widely used but is 
now considered unreliable by most observers. At the present time, the 
correlation of orthodiagraphic measurements of the frontal area of the 
heart with height and weight is considered a more satisfactory method. 
Orthodiagraphy, however, is a difficult procedure in children. Tracings 
of teleoroentgenograms, though less accurate, have therefore been used 
by some workers. The formula for predicting the normal frontal area, 
devised by Hodges, Adams, and Gordon, 4 is based on 169 teleoroentgeno- 
grams of children of various ages. This formula has been reduced to 
tables for clinical use, and Kurtz 5 has prepared a nomograph from these 
figures. 

PLAN OF STUDY 

The interpretation of apical systolic murmurs in children with rheumatic his- 
tories has long been a controversial subject. According to the criteria of the New 
York Heart Association, o the diagnosis of mitral insufficiency should be made only 
if, in addition to a constant apical systolic murmur, enlargement of the heart is 
also present. It was thought of interest to see how often enlargement of the left 
ventricle could be demonstrated in this type of case by the method described by 
Wilson. i At the same time, the absence or presence of enlargement as ascertained 
by physical examination and measurement of the frontal area in teleoroentgeno- 
grams was noted. 

A group of fifty-five rheumatic children with apical systolic murmurs who were 
receiving convalescent care in this institution was selected. The children ranged 
in age from S to 15 years and were under close observation for long periods of 
time, varying from six months to more than two years. The temperature and 
pulse rate were taken three times daily, and leucocyte counts and sedimentation 
rates were done at frequent intervals. Teleoroentgenograms were made at least 
every six months, and electrocardiograms every three months. Since it is logical 
to assume that a valvular lesion has to exist for a considerable length of time 
before it will affect the size of the heart, it was necessary in each case to estimate 
how long the lesion had existed, and whether during the period of observation 
the rheumatic process had been quiescent. It is well known that even low-grade 
rheumatic activity sometimes produces slight degrees of cardiac dilatation which 
may later subside. Furthermore, the murmurs heard may be related to the tern- 
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porary dilatation and have no permanent significance. Children with climc.il 
laboratory signs of rheumatic activity were, therefore, excluded from this stu >. 

It was also thought of interest: to see whether any indication of cnlargcnic 
of the left auricle could be found in these fifty-five children whose only ausculta- 
tory abnormality was an apical systolic murmur. The findings in this B™»p o 
children were compared with those in eight children with characteristic, Tumbling, 
apical diastolic murmurs, in addition to apical systolic murmurs, and with those 
in thirteen children with apical systolic murmurs and soft, short, apical dias olio 
murmurs of doubtful significance. 

Control Group.— In order to familiarize ourselves with the normal variations, 
101 healthy girls,* ranging in age from 7 to 35 years, were examined. The height 
and weight of each child were determined, and the type of body build was noted. 
Attempts to obtain histories were unsatisfactory because tiicsc children were sepa- 
rated from their parents and lived in an institution. The heart of each child 
was examined by two observers, and none showed clinical evidence of enlargement 
or abnormal auscultatory signs. The blood pressure of each child was measured 
and found to be within normal limits. 

The methods used will be outlined as briefly as possible. 


METHODS 


Fluoroscopy 

Every child was examined in the frontal, as well as in the left and right oblique, 
planes. 

Anteroposterior Position. — In this position the lie of the heart, whether normal, 
vertical or transverse, was noted, and the cardiac silhouette was studied for any 
abnormalities of contour. 

Left Anterior Oblique Position. — In this position the "angle of clearance,”! 
or degree of rotation necessary to separate the lower dorsal border of the heart 
from the vertebral column, was determined.! In making this determination the 
posture of the child was found to be extremely important. If the child swayed 
or rotated, the result was unreliable. Every determination was repeated several 
times with the central ray of the x-ray cone in the center of the fluoroscopic screen. 

Fight Anterior Oblique Position. — A rotation of 55 to 70 degrees was usually 
satisfactory for examining patients in this position. It was often found desirable 
to rotate the patient slightly during the course of the examination, since the optimal 
degree of rotation varied with each patient. In order to visualize the dorsal border 
of the heart clearly in this position, it was necessary to outline the esophagus 
with barium. A small amount of a fairly tiiick barium paste was put into the 
child’s mouth and he was asked not to swallow until he was under observation. 

Since in normal children the left auricle produces a slight curve which varies 
with body build, the significance of a slight displacement of the esophagus often 
remains doubtful. We regarded the left auricle as enlarged when there was a 
distinct hesitation in the descent of tire barium as it reached the top of the auricular 
curve, with diversion of the stream to the left at this point. Furthermore, in the 
absence of aortic disease, the auricular curve was more prominent than the upper 
curve produced by the fused impression of the aorta and loft bronchus. The left 
auricle was considered enlarged if the prominence of the second curve did not 
disappear completely with deep inspiration. It was found important not to overfill 
the esop hagus with barium. Slight degrees of left auricular enlargement rarely 


of S!*^juke^?eming < and^>f tlfe listers ^f^Merc'y^Tarr^town S* 

Beno grams were not taken on children in the control group Tclcoroont - 

fAHfe y 0 ,xr c T-£M„K r r* 

used routinely for examining patients in the left and right oblique portions ! 18 ^ 
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caused compression of tlie esophagus. The curves seen with a greatly distended 
esophagus were in most instances found to be artifacts. The best results were 
obtained when the esophagus was outlined as a column about the thickness of a 
lead pencil. 

Teleoroentgenograms 

Routine teleoroentgenograms in the frontal and oblique planes were taken of 
all rheumatic children on admission, and approximately every 6 months thereafter.* 
Additional teleoroentgenograms were obtained if the child developed rheumatic 
activity. 

Anteroposterior Position. — Since tracings of teleoroentgenograms were used for 
the measurement of frontal areas, it was important to visualize the apical region 
as well as possible. All exposures were therefore taken in the same respiratory 
phase, namely, moderately deep inspiration. Orthodiagraph}' was not attempted 
because of the difficulty of making children sit still for a sufficient length of 
time. 

Left Anterior Oblique Position. — It was thought of interest to see if the value 
for the angle of clearance, as determined by fluoroscopy, would agree with that 
obtained teleoroentgenograpliically. All teleoroentgenograms in this position were 
taken at a rotation of 55 degrees. Although it was difficult to take teleoroent- 
genograms at a specified rotation, fairly satisfactory results were obtained in most 
instances. 

Light Anterior Oblique Position. — Teleoroentgenograms taken in this position 
were, in our opinion, less satisfactory than fluoroscopic examinations for showing 
slight backward displacement of the esophagus. Plates were therefore not taken 
routinely in this position. 

RESULTS 


Control Group 

Angle of Clearance . — Of the 101 children, seventy-eight, or 77 per 
cent, had an angle of less than 55 degrees. In twenty-two children, or 21 
per cent, the angle of clearance was equal to 55 degrees, and in 1 child 
was more than 55 degrees. The child whose angle of clearance was more 
than 55 degrees was examined on two occasions with the same results. 

No definite correlation was found between the angle of clearance and 
the following factors : age, body build, height of the diaphragm, position 
of the heart, and state of nutrition. We agree, however, with Wilson’s 
statement that typically vertical hearts tend to clear at smaller degrees 
of rotation than transverse hearts. 

Among our controls, in contrast to Wilson’s observations in 119 nor- 
mal children, an angle of clearance of 55 degrees was found in one-fifth 
of the cases (21 per cent). In Wilson’s control group the angle of clear- 
ance was less than 55 degrees in 97 per cent, and she therefore concluded 
that an angle of 55 degrees, or more, was abnormal, indicating enlarge- 
ment of the left ventricle. In view of the high percentage of normal 
children whose hearts we were unable to clear at less than 55 degrees, 
our findings suggested that only angles of more than 55 degrees could be 
considered abnormal. 


•At the suggestion of Dr. Hugo Roesler, of Philadelphia, exposures of 1 second 
were used to include both phases of the cardiac cycle and thus record the inaximu 
size of the heart. 
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No history or evidence of heart disease was found in the child with an 
angle of clearance of more than 55 degrees. The examination of some 
children is unsatisfactory, and we think it probable that this child failed 
to stand properly. We have met with the same difficulty in our group of 
rheumatic children. 

Esophagram. — No displacement of the esophagus was observed in any 
of these children. 

Rheumatic Group 

1. Apical Systolic Murmurs, fifty-five children: (a) Children with 
constant apical systolic murmurs and cardiac enlargement, seven chil- 
dren. — Of the fifty-five children with constant apical systolic murmurs, 
only seven showed cardiac enlargement on physical examination. The 
area of cardiac dullness extended beyond the midclavicular line, and, in 
the opinion of three different observers, cardiac enlargement was present. 
According to the criteria of the New York Heart Association, 3 these 
seven children should be classified as eases of mitral insufficiency. The 
data in regard to the rheumatie history, duration of disease, period of 
quiescence, period of observation at Irvington House, angle of clearance, 
enlargement of the left auricle, enlargement on physical examination, 
and enlargement of the frontal area are presented in Table I. It will be 
seen that the duration of the disease in every case was three years, or 
more, and that none of the children had shown any signs of rheumatic 
activity for at least twenty-five months, as determined from the clinic 
and hospital records and the period of observation at Irvington House. 


Table I 

Angle of Clearance in Patients "With Mitral Insufficiency 


NO. 

OF 

CASES 


PATIENT 


3322 

L. A. 
3210 
B.Z. 
3301 

M. S. 
3329 
A.E. 
3378 
D.G. 

32S7 

J.M. 

3403 

R.A. 


AGE 

(YR.) 


12 

12 

10 

11 

13 

12 


SEX 


F 

F 

M 

F 

F 

F 

F 
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Angle of Clearance (Wilson) 
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are used in all tables: 

la" Pliysica! Examination 

L.A.. Left Auricle 

• •* Heart disease discovered 

+. Enlarged 


V. Within normal limits 

Area, Frontal Area 
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Table II 

Angle of Clearance in Patients With Potential Heart Disease 


NO. OF CASES 

PATIENT 

AGE (YR.) 

ta 

CO 

NO. OF ATTACKS 
AND AGE AT 

EACH 

fc 

W 

Q 

Kfl 

B 2 

P s 
e?'— 

DURATION OF 
DISEASE (YR.) 

OBSERVATION 

(MO.) 

W 

a 

o 

< 


w 

< 

w 

es 

< 

remarks 

1 

3395 

N.W 

11 

M 

94 P 

18 

14 

6 

55° 

— 

— 



2 
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The angle of clearance Mas uniformly increased to a value well above 55 
degrees, and no enlargement of the left auricle could be demonstrated in 
any instance. Enlargement of the frontal area was present in only four 
of these seven cases. 

(b) Children with constant apical systolic murmurs hut without car- 
diac enlargement on x>hysical examination, forty-eight children. — All of 
these children had clear-cut rherunatic histories ; in only seven cases. Nos. 
39, 40, 41, 42, 43, 44, and 45, was there a history of “pure” chorea. In 
no instance was cardiac enlargement demonstrable on physical examina- 
tion. According to the criteria of the New York Heart Association, these 
children would be classified as eases of potential heart disease. The data 
in regard to rheumatic history, period of quiescence, duration of disease, 
period of observation at Irvington House, angle of clearance, enlarge- 
ment of the left auricle, and enlargement of the frontal area are pre- 
sented in Table II. The average duration of disease in this group of chil- 
dren with potential heart disease was four years, with a minimum of two 
years. The period of quiescence was thirteen months or longer. 

The angle of clearance showed the following values : 

1 child 45 degrees 

10 children 50 degrees 

26 children 55 degrees 

4 children 60 degrees 

7 children 65 degrees 

Thirty-seven, or 77 per cent, of these children with potential heart dis- 
ease showed an angle of clearance of 55 degrees or more. If we accept 
Wilson’s conclusion that an angle of 55 degrees, or more, indicates a 
definite abnormality, the percentage of children in this group with an 
enlarged angle of clearance is almost identical with that found by Wil- 
son in a similar group of sixty -four children with potential heart disease. 
In our own control group of 101 children, however, angles of clearance of 
55 degrees were obtained in twenty-two children (21 per cent), suggest- 
ing that a value of 55 degrees was within the limits of normal. Therefore, 
only values of 60 degrees, or more, have been considered abnormal. 

In analyzing the results summarized in Table II, the difficulties in- 
herent hr the method must be taken into consideration. In some children 
with poor posture or slight scoliosis of the thoracic vertebrae, with dis- 
placement of the heart to the left, enlarged angles of clearance were ob- 
tained on repeated examinations, although the diameter and contour of 
the cardiac silhouette in the left anterior oblique position appeared to be 
entirely normal. Occasionally, marked development of the breasts inter- 
fered with a satisfactory examination. Cases No. 7, 39. 43. and 44 illus- 
trate these difficulties. 

In cases No. 5, 6, and 3S, in which the angle of clearance was 60 de- 
grees, and in cases No. 45. 46, 47, and 4S, in which the angle of clearance 
was 65 degrees, the curve of the left lower cardiac border in the left 
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oblique position seemed accentuated. It was thought probable, there- 
fore, that the left ventricle was slightly enlarged in these seven eases, 
although no enlargement was demonstrable on physical examination and 
the frontal area was increased in only two instances (cases No. a and 47). 


2. Apical Systolic and Apical Diastolic Murmurs. <itjhl children . — 
In children, well-marked, rumbling, diastolic or presystolic crescendo 



as an indication of mitral stenosis. This type of murmur is rarely beard 
in children less than 10 years of age. 


According to t lie criteria of the New York Heart Association," the 
roentgenologic finding most characteristic of mitral stenosis is enlarge- 
ment of the left auricle. It was thought of interest to see in bow many 
instances left auricular enlargement was demonstrable in children with 
typical apical diastolic murmurs. At the same time, the findings in re- 
gard to the angle of clearance, enlargement on physical examination, and 
enlargement of the frontal silhouette were noted. Only eight children 
with murmurs considered by several observers to be characteristic of 
well-established mitral stenosis were included in this group. The data 
are presented in Table III. The duration of the disease in these eight 
children was four to six years, and the period of quiescence was Iwenlv- 
onc months, or longer. 


Tama; IU 

Axoi.k or Ckeakanck and .Size or the JjKft Acmci.k jx Patients With Mitkai, 
Insufficiency and Mitkai, Stenosis 
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In this group of eight children with mitral insufficiency and stenosis, 
the angle of clearance was increased in five instances. In two of these 
five cases, cardiac enlargement was also demonstrable on physical exami- 
nation and by measurements of the frontal area. In one ease enlarge- 
ment was present on physical examination but the frontal area was 
normal. In two cases the angle of clearance was increased without 
demonstrable cardiac enlargement on physical examination or by meas- 
urements of the frontal plane of the teleoroentgenogram. Only five of 
these eight children showed enlargement of the left auricle. In only one 
instance (ease No. 2) was the enlargement of the left auricle sufficiently 
marked to displace the esophagus in the anteroposterior position as well 
as in the right anterior oblique position. In no instance did the left 
auricle extend to the left bronchus in the left anterior oblique position 
and obliterate the "tracheal window.” 

3. Apical Systolic, and Short, Soft Apical Diastolic, Murmurs of 
Doubtful Significance, thirteen children . — Every pediatrician and car- 
diologist who has rheumatic children under his care is aware that a short, 
soft, atypical diastolic murmur is sometimes heard at the apex. Often 
this murmur is only audible after exercise. The bruit under discussion 
sounds like a murmur and usually is not considered to be a third heart 
sound. The interpretation of this type of murmur is extremely difficult. 
It may indicate a progressive lesion, in which case it gradually becomes 
a typical diastolic rumble. It may persist for several years without be- 
coming more marked, or it may disappear completely. Most observers 
are of the opinion that with this type of murmur the diagnosis of mitral 
stenosis is unwarranted. The term "potential mitral stenosis” has been 
suggested for these cases by Schlesinger. 7 

The data in regard to the angle of clearance, enlargement of the left 
auricle, enlargement on physical examination, and enlargement of the 
frontal silhouette in thirteen children who, in the absence of rheumatic 
activity, have shown this type of diastolic murmur for a considerable 
period of time are presented in Table IV. The minimum duration of the 
disease in this group was two years, and the period of quiescence, twelve 
months, or more. 

In eleven of the thirteen children with atypical apical diastolic mur- 
murs the angle of clearance was increased. In four of these eleven cases, 
cardiac enlargement was also demonstrable on physical examination and 
by measurements of the frontal area. In two of the eleven cases cardiac 
enlargement was apparent on physical examination but not by measure- 
ments of the frontal plane. In one case the frontal area was increased 
above normal, although no enlargement was present on physical examina- 
tion. In four cases the angle of clearance was increased without demon- 
strable enlargement on physical examination or by measurements of the 
frontal plane. The left auricle was enlarged in six of these thirteen chil- 
dren. In only one instance (case No. 32) was the enlargement of the lelt 
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auricle sufficiently marked to displace the esophagus in the anteroposterior 
position. In no instance did the lci'i auricle extend to the lei't bronchus in 
the left anterior oblique position and obliterate the “tracheal window. 

DISCUSSION 

In the material presented above an attempt, has been made to see how 
often enlargement of the left ventricle could he detected by the method 

Table 1 V 

Angle of Clearance and Size of the I a: ft Arnici.r. in Patients With Ai’icai. 
Systolic, and Shout, So it Apical Diastolic. Mccmuiis or Docbtitl Sionificance 


NO. 




NO. OK 

QCIKS- 

DfllATHlN 

onsr.i:- 





PATIENT 

AGE 


ATTACKS 

OK 

VA* 

ANGLE 

L. A. 



CASKS 

(YIL) 


and ace 

(MO.) 

IUSEASK 

TION 






AT EACH 

(YIL) 

(MO.) 





1 

3252 

T. C. 

11 

M 

9 C 

34 

«* 

«» 

IS 

70° 

T 

4. 

4. 

9 

3323 

10 

F 

S P 

24 

o 

10 

05° 

- 

4 

— 


.T. C. 











«> 

• » 

3202 

9 

F 

0 c 

12 

•> 

IS 

05° 

— 

•i 

a- 


T. D. 



7 C 












S 0 








4 

3190 

E. DeL. 

15 

1-'' 

5 P 

110 

10 

no 

00° 

T 

- 

T 

5 

3243 

10 

F 

0 P 

14 

4 

IK 

55° 






T. G. 



9 C 








c> 

3329 

10 

F 

5 Ch 

29 


10 

05° 

_ 

•i 

4. 


0. K. 



0 Cli 


( 










7 Ch 








7 

3290 

13 

F 

8 Ch 

13 

5 

13 

55° 

I ' 


__ 


Gr. Ij. 



12 Cli and 





1 






C? 








8 

3247 

9 

F 

(i Ch 

24 

3 

IS i 

00® 


_ 



M. M. 



0 C and 












Ch 

7 C and 












Jt. P 








9 

3225 

A. P. 

11 

M 

5) P 

24 

O 

21 

00° 

4. 

- 

- 

30 

344S 

B. E, 

12 

M 

7 P 

S 0 

14 

5 

15 

00° 

4- 

- 

- 





9 P 








11 




10 c 








3309 

F. S. 

9 

F 

7 C 

24 

o 

11 

05° 

- 


4- 

12 

3372 

A. T. 

9 

AI 

4 P 

0 P 

30 

5 

14 

05° 

4- 

+ 

+' 





7 P 








13 

3332 

V. D. 

S 

M 

0 p 

2S 

o 

11 

00° 

*r 







1 


, vuson 1,1 two Sroxm of rheumatic children whose only 

auscultatory abnormality was an apical systolic murmur. The first, .-roup 
consisted of seven children with mitral insufficiency (children wit h S 

The sec T™ and defin,lc cnla, ’g«ment on physical examination) 
lie second group consisted of fortv-eight children win, , ' 

*«- (children wHh chcn.naUc hi sl „h L ( 

_ dcm„„ slral)l0 cardiac t 



224 


THE AMERICAN HEART JOURNAL 


According to Wilson’s findings, an “angle of clearance” of 55 degrees, 
or more, was abnormal, indicating left ventricular enlargement. In a 
control group of 101 normal girls examined by us, however, an angle of 
clearance of 55 degrees was found in twenty-two children, or 21 per cent. 
We, therefore, concluded that only values above 55 degrees could be 
considered abnormal. 

In the seven children with mitral insufficiency, the angle of clearance 
was definitely increased in every instance. However, in spite of the 
presence of enlargement on physical examination and the increased angle 
of clearance, enlargement of the frontal areas was noted in only four of 
these seven cases. 

In forty- eight children with potential heart disease, the angle of clear- 
ance was found to be above 55 degrees in eleven cases. In four of these 
eleven cases, however, the determinations were unsatisfactory for reasons 
already discussed. In the seven cases in which it was thought that the 
increased angle of clearance might represent enlargement of the left- 
ventricle, a value of GO degrees was obtained in three cases and a value 
of 65 degrees in four. The frontal areas were normal in five of these 
seven children. 

In view of the many factors involved and the difficulties of making 
the determinations in children, too much weight cannot be placed on 
small numerical differences. Hearts that seemed enlarged on physical 
examination usually showed angles of clearance well above 55 degrees 
(65 or 70 degrees). It was difficult to be sure that an angle of clearance 
of 60 degrees represented a definite abnormality in cases in which the 
heart seemed normal on physical examination and in teleoroentgeno- 
grams taken in the anteroposterior and left oblique positions. The meas- 
urement of the angle of clearance, in our opinion, is a valuable proce- 
dure, not because it is possible to draw a sharp line between' what is 
normal and what is abnormal, but because it so often corrects an er- 
roneous impression of left ventricular enlargement. In patients with 
high diaphragms and transverse liearts, the appearance of the heart in 
the anteroposterior position often suggests left ventricular enlargement. 
In this type of patient, if the angle of clearance is 55 degrees or less, we 
believe that it is safe to conclude that the heart is not enlarged. Further- 
more, although the significance of a slight increase in the angle of clear- 
ance is often difficult to interpret, fluoroscopic examination with a turn- 
table at known degrees of rotation is of value. IVitli this method, exami- 
nations in the left anterior oblique position tend to be more uniform, and 
variations in different patients and changes in the same patient at dif- 
ferent. times can be detected more readily. 

It is of interest that, in the group of fifty-five children who had an 
apical systolic murmur, enlargement of the left auricle could not be 
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demonstrated in a single instance. On the other hand, even m eases o 
clear-cut mitral insufficiency and stenosis of several years’ duration, this 

chamber was not uniformly enlarged. 

The findings in eight children with typical mitral insufficiency and 
stenosis and in thirteen children with apical systolic murmurs and short, 
soft, diastolic murmurs of doubtful significance have been compared uith 
those in seven children with mitral insufficiency and in Jorty-cight chil- 


dren with potential heart disease. 

The angle of clearance was increased in sixteen of these twenty-one 
children. In addition to an increased angle of clearance, enlargement on 
physical examination or by measurement of the frontal plane was present 


in ten of these sixteen cases. 

It has been emphasized hv Ncmct* and Roeslcr 0 that measurements of 
the frontal area are of little value in borderline cases of cardiac enlarge- 


ment. The range of variations in the size of the normal heart is so great 
that the results of such measurements arc unreliable except in hearts that 
are obviously enlarged or obviously normal. A small heart may enlarge 
considerably before it exceeds the upper limit, of normal, whereas a heart 
which is already near the normal limit in size would have to enlarge only 
slightly to he considered abnormal. 

On the other hand, in view of the fact that the left ventricle forms so 
large a part of the heart, it seemed possible that an increase in the size 
of this chamber, suggested by an enlarged angle of clearance, might be 
confirmed by finding an enlarged frontal area. 

In the whole group of seventy-six rheumatic children, an enlarged 
angle of clearance was found in thirty. The frontal area, however, was 
found to he increased in only thirteen of these thirty children, or in 43 
per cent. 


It was thought that the presence or absence of an enlarged left auricle 
would help us to come to some conclusion as to the correct anatomic diag- 
nosis in children with atypical apical diastolic murmurs. In view of the 
variable findings in children with definite mitral stenosis of several years’ 
standing, it is impossible to attach much significance to the absence of 
enlargement of the left auricle. In children in whom the apical diastolic 
murmur is not characteristic, the presence of an enlarged left auricle is 
suggestive evidence that mitral stenosis is developing, but a normal left 
auricle does not rule out this possibility. In our opinion, it. is only by 
following the same children over a period of years that the significance of 
a slight displacement of the esophagus in the right anterior oblique posi- 
tion can be interpreted correctly. 

Since so much emphasis is placed on the presence or absence of en- 
largement in making anatomic diagnoses in rheumatic heart, disease, it is 
important to bear in mind the factors that cause cardiac enlargement. 
The valvular defect is rarely sufficiently marked to produce dilatation or 
hypertrophy by itself. Enlargement is usually the result, of the combine- 
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tion of an inefficient, diseased myocardium and a slight or moderate 
valvular lesion. According to Lewis 10 and Palmer, 11 with a given amount 
of myocardial damage the heart will not enlarge further. It is only 
when the lesion is progressive that progressive enlargement takes place. 
It is well known that a small number of patients with elear-cut mitral 
stenosis or aortic insufficiency of several years’ standing fail to develop 
demonstrable enlargement. In these cases the myocardium has probably 
made a good recovery and is able to compensate for the valvular defect. 
Persistent but nonprogressive cardiac enlargement in children with no 
detectable evidence of rheumatic activity may indicate a chronically 
damaged myocardium, rather than a marked valvular defect. From the 
point of view of prognosis, the most important thing to ascertain is 
whether the size of the heart is increasing, decreasing, or remaining sta- 
tionary. If the child is not growing too fast, changes in the size or con- 
tour of the heart can best be detected by the method used by Palmer, 11 
namely, the superposition of outlines obtained by making tracings of 
comparable teleoroentgenograms or orthodiagrams. 

CONCLUSIONS 

1. In cases of questionable cardiac enlargement it is usually impossible 
to be certain of a definite abnormality on the basis of a single radiologic 
measurement. 

2. The chief value of any radiologic procedure in cases of early rheu- 
matic heart disease is to detect changes in the size or contour of the heart 
in the same patient at different times. 

3. The measurement of the "angle of clearance” (Wilson), by means 
of a turntable, is of value because it tends to standardize the fluoroscopic 
examination of the patients in the left oblique position and makes the 
findings in the same patient at different times comparable. Furthermore, 
this procedure is an aid in ruling out left ventricular enlargement in pa- 
tients with high diaphragms and transverse hearts, in whom the heart 
appears enlarged to the left in the anteroposterior position. 

4. Early enlargement of the left auricle can best be demonstrated by 
the backward displacement of the barium-filled esophagus. The presence 
of an enlarged left auricle suggests that mitral stenosis may be develop- 
ing, but the absence of enlargement of this chamber does not exclude this 
possibility. 

5. In accordance with the observations of previous investigators, we 
found that measurements of the frontal area proved of little value in 
establishing a definite abnormality in cases of early rheumatic heart dis- 
ease in children. 
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Corrigendum 

In the article, “The Effects of Alkalosis and of Acidosis Upon the Human 
Electrocardiogram, “ by Paul S. Barker, M.D., E. Lee Shrader, M.D., and Ethel 
Ronzoni, Pli.I)., which appeared in the February, 1939, issue of the .lournal, the 
phrase “hydrogen ion concentration,” wherever it appears, should be read “pH." 



MEASUREMENT OF CIRCULATION TIME WITH CALCIUM 
GLUCONATE IN PATIENTS RECEIVING DIGITALIS. 
WITH ELECTROCARDIOGRAPHIC STUDIES 

Harry C. Wall. M.D. 

New Orleans, La. 

A SIMPLE, harmless method for determining the circulation time 
** is useful in the diagnosis of cardiac diseases. Recently, calcium 
gluconate was proposed to fulfill such requirements. When so used, it 
must be injected rapidly into the veins of patients many of whom are 
taking digitalis, and among these are some with definitely diseased hearts. 
Thus, the possibility of the synergistic action of calcium and digitalis 
arises. Consequently, one must violate certain safety precautions, to 
which the medical profession's attention has been called. 

Numerous investigators 1 " 1 ’ v< 21 have shown that calcium and digitalis 
have an additive or synergistic effect on the heart, and that calcium, 
when injected rapidly, is a potentially dangerous drug. Much of this 
experimental work was done on animals under circumstances not com- 
parable to those existing when calcium is used hi measuring circulation 
times in man. Golden and Brams 3 used dogs weighing 8 to 12.5 kg. 
and gave 50 to 90 per cent of the calculated lethal dose of digitalis intra- 
venously in single doses. These large doses produced a rise in blood 
pressure, heart block, and ventricular tachycardia. Obviously, digitaliza- 
tion is never intentionally carried this far in human subjects. These 
workers then injected 15 to 17.5 c.e. of a 20 per cent calcium gluconate 
solution into the vein at a rate of 4 e.c. per minute. This resulted in 
ventricular tachycardia, ventricular fibrillation, and, finally, death. 
These results led them to advise against the use of calcium intravenously 
in any patient who is receiving digitalis. 

On the other hand. Goldberg 3 has injected 2.5 c.c. of a 20 per cent 
calcium gluconate solution rapidly into the vein (1 to 2 sec.) in oOO 
patients, many of whom had heart disease and were digitalized, without 
noting any harmful effects. Likewise, Baer and SlipakofU used the same 
technique on 356 similar patients with no untoward reactions. Berliner’ 
found that 10 c.c. of a 20 per cent calcium gluconate solution had to he 
injected rapidly, i.e.. within 15 seconds, to produce electrocardiographic 
changes, namely, bradycardia and flattening or inversion of P and T 
waves. These changes were transient. In two cases there was brief 
sinus arrest: this occurred in frail individuals. 

From the Department of Medicine. University of Illinois College of Medicine, and 
niinois Research and Educational Hospital. Supported by the Benjamin ana juuiu 
Colien Heart Fund under the direction of Dr. Benjamin Goldberg. 

Received for publication Feb. 15, 1P39. 
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Because of flic previous warnings we decided to investigate further 
the use of calcium for measuring circulation time, and to note any 
changes that occur in the electrocardiogram during its administration. 
For comparison, the circulation time was measured with decholin. 


PltOCKOUKK 


Each patient was placet! in a recumbent position for 2ft to ftft minutes before 
the tests were begun. With the arm at the level of the right auricle (5 cm. below 
the plane of the mnnubriostcmnl junction), the solution was injected through an 
lS-gauge needle into an anteeubitnl vein as rapidly as possible. lhis took 
about 1 second. It was found that the readings eheched when the same amount of 
time was consumed for each injection. The eireulation time was iletcrmined with 
a stoji watch from the beginning of the injection to the first moment the sensation 
of bitterness or beat was felt in tbo tongue. At least 1 minute was allowed to 
elapse after the tourniquet was released before the solutions were injected. Ale 
used 5 c.c. of a 2.0 per cent decholin solution followed by 2.."i to e.e. of a 20 
per cent calcium gluconate solution, and three minutes Inter 5.5 to 5 e.e. of a 2ft per 
cent calcium gluconate solution. All of these were injected through the same 
needle. Sometimes the calcium was injected before the decholin, lint the order 
seemed to make no difference in the results. 


When eleetrocardiographie studies were made, the three standard leads were 
taken first. Lead II was then taken again, and. with the patient remaining in 
the circuit, 2.5 to 5 e.e. of a 20 per cent calcium gluconate solution were injected 
as described above. The circulation time was confirmed by standardizing the trac- 
ing at the beginning of the injection and at the first sensation of heat in the 
tongue. The tracing was continued for at least 2 minutes, and another strip 
taken in 4 to 5 minutes. 


RESULTS 


Patients were arbitrarily divided into two classes: 1ho.se with a 
decholin circulation time of less than 20 seconds, and 1 hose with a 
circulation time of more than 20 seconds. The results are shown in 
Tables I and II. It will he seen that Table I comprises patients without 
cardiac disease and patients whose hearts were in a good state of com- 
pensation. Table II includes patients with signs and symptoms of con- 
gestive heart failure or other conditions that yield prolonged eireula- 
tion times, such as myxedema or polycythemia. We found that all pa- 
tients with congestive heart failure had circulation limes in excess oF 20 
seconds; however, not all patients whose circulation times were longer 
than 20 seconds necessarily had congestive heart failure. It was in- 
teresting to note that one patient (Case 49, Table II) with auricular 
flutter and congenital heart disease showed a circulation time of 22.4 
seconds (decholin) when he had no heart failure, as judged hv clinical 
observations. In this case it was technically impossible to use the ante- 
cubital veins, so recourse had to he made to the wrist veins. This mnv 
possibly account for the delay, although it is more probable that the 
gures represent a true slowing of the circulation. It was found that 
xx hen the decholin time was below 20 seconds, 2.5 to 3 cc of calcium 
gluconate solution yielded results that corresponded closely with 5 e.e. 



Table I 

Patients Without Cardiac Disease or Patients Wiio Had No Heart Failure 


230 


THE AMERICAN HEART JOURNAL 


S o 

^ O CO 

£ w T_1 

^ in 


iq i- — Ji 

t~H H r-H 


o o o 
*■# ^ id 


S o ^ 9 ij k n o o o -t o ‘o o oi co h o c w I 
£3 H cicdo^*ot>^c6idcdcdcot^r-5c>id^©cdcd) 

EH ES r-HnHHHHHHrinHH HHHHH 


IQ IQ IQ IQ © 

c4 01 cd IQ IQ CO CO CO CO 00 CO CO CO IQ CO CO CO Q1 CO 


~ 8 ^ °. ^ ^ ^ ©1 ** co ^ c: *dj oi © o] 

~ Dd id CM c; © id cd N CO (M* rH H w r--' d cd cd O r-‘ 
^ C/3 H H Hr1r J HiHHHi-‘HHr-rlrHHH 


IQ IQ IQ IQ IQ IQ IQ IQ IQ IQ *Q IQ IQ IQ IQ IQ CO 


O S- 

4- O 

* 1 = * 


, >> » C 

O O ^ ' 


; ^r:* 7 : "x r-» *x "55 *a> Cl *55 ^ 3 3 

, *W O O O O O CJ o ^ . 

;?oo o oo 5 £ £ • 


I 



15. Thyrotoxicosis 

16. Thyrotoxicosis 


WALL: MEASUREMENT OF CIRCULATION TIME 


231 



K 

c 





232 


THE AMERICAN HEART JOURNAL 


o cq o iq 

cq 

co 

o cq 

o 

1 CO 

O Ci rji O 

oi 


o io 


1 t- 

Wr^OlH 

CM 

<M 

CM 1-1 

co 

1.0 


w ira rji I'D LO 


cq »q 
<m ?o 


oqowqooowooL'jqoot'^oio i 
COlOJOt^oiC'iriHT^t^cdcOrHlOcdcocdcOOrH 1 
H W cq cq CQ Cl C'l C 1 ! (M c: CO O N H C 


^ oiqcjiqoocooiqoiqoooioooocoiOLOoocoo 
. iooiosc 4 coiocosoid<Meccocococo-*coo*o<M©qci’ , tfeocvico 
p- 


2 O o cq iq o -* iq w^jwo'ijeowoq^ cq -q o © m c cq cq <m ^ 

2 S o o o oq <m co oi co co in oq © cm o t-^ r4 — " co t-* »r> © -t o* i> >.o c-i 

E-t 03 ^ <M IM (M w r- w (M W N M (M H CO ^ c: «f -t svl (M L'J (M 


Uo o m o o io »rs o w io n ITS io irD »o io o »o »rs o »o o >.o i.o io 


o 

5 


S3 

.2 

44. 

ji 

S3 S3 S3 

o © o o 

4J 44 43 44 
££££ 

failure 
heart fa 

CO 

O 

4-3 

a 

03 

o 

P4 

'u 

«S3 

*- 

*n 

4-3 pO 

a CS3 ca ca 
© 

?4 PM $-1 a 

_rf a q C3 


- S3 Q 2 *** O O 

a-.S ^ 0 o .O o 

s S3 s: ^ o ^ cl r c 

;S 5 -5 £ -A - 

£ tr. •: rs o 

*» j j. o to 2 

g 1 gia *s ^S'E 3 

5 >> o t O.S °? 
j * 7 ? * “ ci ’’C 

i S v ~ »i “m 'r; 

; or *- o rr-; a tf 
' O- “Ss-r O 5 

: ~ *~ sp: o Ph m o ^ ' 

. 2 S u-- ». u'2 P-.2 ' 

; a !►, ' •”* 5w *i i "t"* O 3- f-C 

j p. ?_ 3 s ° S S 

: g i?’jj c 

: O (L 3 -j a K*o 5 r 


5 3 S S3 

eS rt ej ei 

*, «s »» »v a 

O O O o o 

o: w w 02 .53 

a « cr a 'M 

» o o o o a 

03 w tn w « 


! 4-3 4.3 4J 4-3 4-> t. 

U4 u u u a o 
a cs a c; -is , 
' 2 2 2 2 OT s 

# o .2 .2 ^ < 

’-44 *-+J 4J 44 ;t3 ; 

a S ^ a t£ ~ 

I | g g p 71 -j 


to 2 o 
LS e « 
Las -3 c 

rf - 


*3 -t* i.o ta t- 

^ rt rc co *- 


COC.OH 
CO CO -? r*^ 
* v * 


ci co -* io o lir 

V * * * if 



WALL : 


MEASUREMENT OF CIRCULATION TIME 


233 


of decholin in most of the cases. We finally settled on 3 e.c. of calcium 
o-lueonate solution because measurements with this amount checked 
better. However, when the decholin time became more prolonged the 
calcium time usually lagged far behind. In many cases there was no 
end point. Hence, we attempted to secure an end point by using larger 
amounts of calcium gluconate solution, up to 5 c.c. In a typical instance 
(Case 47, Table II), a patient with rheumatic heart disease and auricu- 
lar fibrillation, severely decompensated, at first had a decholin time oi 
44.6 seconds; 2.5 c.c. of calcium gluconate solution gave no response, 
whereas 3.5 c.c. required 57.6 seconds. After digitalization to the point 
of toxicity (nausea, vomiting, pulsus bigeminus) , the decholin time was 
reduced to 29.6 seconds, while 4 c.c. of calcium gluconate solution gave 
a circulation time of 38.6 seconds. A few days later, when all signs of 
toxicity had disappeared and the patient was much improved clinically, 
the decholin time became further reduced to 27.6 seconds; 3 c.c. of 
calcium gluconate solution still gave no response, and 4 c.c. gave an 
arm-to-tongue time of 48 seconds. In this case the decholin gave circu- 
lation times that paralleled the clinical improvement, whereas the cal- 
cium times were discordant. 

Fifteen patients had been given full doses of digitalis prior to the use 
of calcium gluconate for measuring the circulation time. In no instance 
did we observe the slightest reaction from the rapid intravenous injec- 
tions of calcium gluconate. 

Electrocardiograms were made on eleven patients during the intra- 
venous injection of calcium gluconate. Usually there was an initial 
increase of the heart rate (about 10 beats per minute) during the injec- 
tion, followed by a gradual slowing that reached its maximum about 
60 to 80 seconds after the start of the injection. In eight cases the rate 
returned to the basal level, and in three it fell 5 to 15 beats below the 
basal level. One patient, without cardiac disease, was given 2.5 c.c. of 
calcium gluconate solution. The electrocardiogram showed flattening of 
the P waves, and the T waves, which were previously low and diphasic 
in Lead II, became inverted. Both returned to their previous state in 2 
minutes. Another patient (Case 47, Table II), with digitalis intoxica- 
tion, referred to above, was given 4 c.c. of calcium gluconate solution and 
showed only a fall in pulse rate from 95 to 80. This patient’s electro- 
cardiogram showed depressed S-T segments and ventricular premature 
beats coupled with normal cycles. In no electrocardiogram were there 
changes in the QRS and Q-T intervals. No other noteworthy electro- 
cardiographic changes occurred. On two occasions 5 c.c. of calcium 
gluconate solution were given to a patient (Case 38, Table II) with 
hypertensive arteriosclerotic heart disease who had been on full doses 
of digitalis and had been known to have a gallop rhythm for at least 
one year. He had no reaction nor did his electrocardiogram show any 
changes during the injection. 
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COMMENTS 

It is difficult to reconcile the apparent harmlessness of calcium glu- 
conate when it is used for measuring circulation time with the potential 
danger as evidenced by the clinical and experimental observations of 
Bowers and Mengle, 1 Lloyd, 2 Golden and Brams, 3 and others. 0 - 21 How- 
ever, it may be well to point out that Golden and Brams used 15 to 17.5 
c.c. of 20 per cent calcium gluconate solution in dogs weighing S to 12.5 
kg., or about 1.2 to 2.2 c.c. of 20 per cent calcium gluconate solution per 
kg. of body weight, as compared to 2.5 to 5 c.e. in human subjects weigh- 
ing 60 to 80 kg., which is about 0.035 to 0.07 c.e. per kg., or one-thirtieth 
as much. The circulating blood volume is roughly proportional to the 
body weight. Hence both the digitalis and calcium concentrations in 
their dogs were far in excess of any ever obtained in man when calcium 
in small amounts is used for measuring circulation time. The two fatal- 
ities reported by Bowers and Mengle occurred in cases in which digitalis 
was being administered when calcium was injected, but the patients 
showed no evidence of congestive heart failure. In both cases a surgical 
operation had recently been performed, and the cause of the tachy- 
cardia was probably extraeardiae. One patient received 10 c.e, of 10 
per cent calcium gluconate solution, and the other 10 c.e. of 10 per cent 
calcium chloride solution. It is difficult to explain the cause of these 
deaths; however, their experimental evidence indicting calcium and 
digitalis is unconvincing because the dose of digitalis injected was in it- 
self lethal in one dog, and approached lethal proportions in the other 
dogs. Lloyd used 10 per cent calcium chloride solution in his experi- 
ment on himself. Wolfe and Bellet 9 reported a death following the use 
of 10 c.c. of 10 per cent calcium chloride solution in a 6S-year-old person 
with advanced arteriosclerotic heart disease, heavily digitalized and al- 
most in extremis before the injection of calcium. Bernstein and Simkins 21 
report two deaths attributable to calcium injections in digitalized pa- 
tients. One apparently received 2.5 c.c. of 20 per cent calcium gluconate 
solution for measurement of circulation time, and died within a few 
hours. The other had recently had a cholecystectomy; lie died suddenly 
during a calcium injection. Unfortunately, the details of these two 
deaths are not given. In the second ease it is not certain whether the 
gluconate or the chloride salt of calcium was used, and the speed and 
quantity of the injection are also unknown. Thus another fact that 
may have bearing on the question is that calcium chloride was the drug 
used in three of the cases in which the patient died or serious cardiac 
consequences occurred. It may be well to point out a few differences 
between calcium chloride and calcium gluconate, besides the well-known 
difference in producing tissue irritation. Gram for gram, the chloride 
contains about three times as much calcium as the gluconate, and, fur- 
thermore, there is much greater ionization of the chloride than the 
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“luconate. Thus if one intends to use a calcium salt, for measuring 
circulation time one should refrain from using the chloride. 

Walters and Bowler 10 showed that calcium is eliminated rapidly from 
the blood, and that there is no tendency for it 1o accumulate. They 
noted further, in two instances following rapid injections, that the 
calcium content of the hearthlood taken immediately after death was 
twice that of the blood taken from the external jugular vein, and they 
concluded that the rapidity with which the injection is given, producing 
a sudden concentration of calcium in the blood, seems to be a factor in 
the relative toxicity of any dose. IWeOuigan and Higgins 4 also showed 
that, the toxic dose of calcium sails varies with the rate of injection, 
and that there is no specific danger in slow administration of calcium 
after digitalis, other than an additive effect. In one of their experiments 
on an 8 kg. dog. the rapid injection of 25 e.e. of 10 per cent calcium glu- 
conate solution after 50 per cent of the fatal dose of digitalis killed 
the animal almost immediately, whereas in another dog the slow injection 
of the same amount of calcium after the same dose of digitalis was in- 
nocuous. These experiments suggest that it is a sudden increase in 
calcium ion concentration in the heart that is primarily responsible for 
the sudden deaths, rather than the synergism of calcium and digitalis. 

In patients with congestive heart failure there is an increased circulat- 
ing blood volume, together with a slowed circulation rate. Curiously 
enough, both factors serve to dilute the calcium before it roaches the 
heart, and consequently act as a safety mechanism. 

Our results do not prove that calcium salts can be injected rapidly 
into patients, either digitalized or nondigitalized. without danger. How- 
ever, the fact that we noted no ill effects from the use of calcium 
gluconate as a circulation time agent was undoubtedly a result of the 
small amount injected, so that the increase in the calcium content of 
the blood was so small by the time it reached the heart that it had no 
toxic effect; and in digitalized patients, who are known to be liable to 
the additive effects of calcium and digitalis, the heart was furl her pro- 
tected by the diluting effects of congestive heart failure. 

SUMMARY AND CONCLUSIONS 

1. A comparison of deeholin and calcium gluconate as agents in 
measuring circulation time reveals that 3 e.e. of 20 per cent calcium 
gluconate solution yield results that correspond closely with those ob- 
tained by 5 e.e. of deeholin in patients with circulation times of less 
than 20 seconds. 

2. In cases in which the deeholin circulation time is prolonged beyond 
20 seconds, the calcium time lags far behind, and calcium gluconate may 
give a blank reading in patients with extremely slow circulation time. 

. 3 - In fif fecn patients who were receiving full doses of digitalis, cal- 
cium gluconate was used twenty-seven times without any clinical evi- 
dence of the slightest untoward effect. 
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4. In eleven patients, two of whom were receiving full doses of 
digitalis, electrocardiograms made during the administration of 2.5 to 
5 c.e. of 20 per cent calcium gluconate solution showed no significant 
changes. 

I wish to express my appreciation to Dr. Robert AY. Iveeton, Head of the De- 
partment of Medicine, for suggestions and advice in completing this work. 

The 20 per cent calcium gluconate used in this study was made available through 
the courtesy of Sandoz Chemical Works, Inc., in the form of Neo Calglucon. 
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E XTRUSION and pcilunnilation oi‘ thyroid adonoinnta are not un- 
usual. However, it is exceedingly rare that the pedicle is so long 
and extends so far into the mediastinum that, the lower portion of the 
thyroid nodule is in contact with the diaphragm. In the case to he 
reported, the mediastinal extension of the nodular thyroid simulated 
right -sided cardiac enlargement in the roentgenogram of the chest. In 
a search of the literature we found reports of only two other such 
eases. 1 ’ - 

KKI'OKT OK CASK 

B. B. A*., si 51-yonr-old. white, married, American housewife, was admitted to 
the University of California Hospital on .Inn. J1K1S. She had hn'l si goiter for 
thirty years, tout right upper quadrant pain for two years. 

AVhen the patient was 21 years old, following her second pregnancy, she had be- 
come aware of a gradually progressive enlargement of the left side of her neck. 
After her third pregnancy, at the age of 2d. a similar swelling had appeared on the 
right side. The enlargement of her neck had continued to increase until she entered 
the University of California Clinic. For several years before her entry she had had 
attacks of syncope, with loss of consciousness for an hour or longer. In the two 
years before entry, smaller tender nodules had appeared within the larger masses 
in her neck. Also, she had had attacks of pain in the right upper quadrant of the 
abdomen, radiating to the right costovertebral angle, to the right lower quadrant, 
and to the outer side of the right thigh. She had experienced some epigastric dis- 
tress and eructations after eating fatty foods. 

She had always lived in Modoc. County, California. In childhood, site hnd had 
measles, mumps, chicken pox, and pertussis, and pertussis again at the age of 21 
years. At the ago of 40 years, "pneumonia" hnd complicated a miscarriage in the 
eighth month of gestation. The patient stated that she had had some nasal ob- 
struction on the loft side, and that her teeth were in poor condition. She hnd had 
hemorrhoids for many years. Menstruation had been irregular, with menorrhagia 
and metrorrhagia. There had been no significant changes in weight. She. had had 
no accidents and no operations. She had been married at the age of Id years, and 
had had 14 pregnancies, six of which terminated in miscarriages between the fifth 
and eighth months of gestation. 

There was no familial history of goiter. One brother had idiopathic, epilepsy. 

On physical examination the patient was found to he n large, obese, well-developed, 
florid woman of 51 years, obviously uncomfortable and dyspneie.. Her weight was 
189 pounds. The pulse rate was RS, the temperature .17° C„ and the respirutorv rate 
20 per m inute. The skin was dry and wrinkled. The hair was normal in texture 
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and distribution. The nasal septum was deviated to the left. The tonsils were 
present and normal. Many teeth had been removed, and those remaining were 
carious. The thyroid was enlarged to about twenty or more times the normal size, 
uas nodular, and extended substernally. The sternocleidomastoid muscles were 
pushed laterally and posteriorly. The trachea was displaced to the left. Xo thrill or 
bruit was heard over the thyroid. The thorax was emphysematous. The lungs were 
normal. The area of cardiac dullness was greatly increased. There was a soft, low- 
pitched, apical systolic murmur. The cardiac rhythm was normal. The blood pres- 
sure was 125/70. The peripheral arteries were thickened. The abdomen was obese. 
Examination of the spine showed a scoliosis to the left, senile kyphosis, and right- 
sided costovertebral tenderness. The cervix was patulous. There were a cvstoccle 
and reetocele. Tlieie were varicosities of both legs. 



Fig. 1 . — Electrocardiogram taken preopetatively. 



Fig. -■ — Postero, anterior roentgenogram of tli'-.st, taken j>r cope rat ha iy. 

Laboratory Examination . — The urine was normal. The hemoglobin \\n* 101 per 
cent (Salili); the erythiocyte count 5,120.000; and the leucocyte count O.J-XI. i hi 
differential count showed 5.0 per cent polymorphonuclear."--. > per cent lymphocyte-. 
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and 7 per cent monocytes. The Mosenthal test gave normal results. The electro- 
cardiogram showed left axis deviation, a monopltasic QRS 5 , a high T„ and slightly 
slurred QRS complexes and ST intervals, with a rate of 75 and normal rhythm. The 
electrocardiologist concluded that there was ‘‘no definite evidence of mjocardial 
damage.” A roentgenogram of the chest was interpreted by Dr. J. F. Huffman 
as follows: ‘‘The thyroid is greatly enlarged in the neck and extends downward 
substernally with its lower border overlying the heart, making it actually, as well 
as apparently, wider in the transverse diameter. The trachea is displaced forward 
in the neck and to the left substernally. There are a few calcifications on the left 
side of the gland in the neck.” 

On Jan. 12, 193S, a partial thyroidectomy, through the usual Koclier incision, was 
done by Dr. Harry Benteen and Dr. Leon Goldman. The portion of gland removed 
weighed 43G gni. The pathologic diagnosis by Dr. E. I. Bartlett was ‘‘thyroid 
adenomata.” There was considerable hemorrhage during the thyroidectomy, and 
the patient showed signs of shock, but she was in fair condition when she was 
returned to the ward. At 10 r.M., on January 12, she received a transfusion of 
600 c.c. of citrated blood. At 11 r.M., the respirations became labored, there was 
laryngeal stridor, and she was restless and cyanotic. Some skin clips were removed 
and several large blood clots evacuated. She died a few minutes later. 



goiteri The^grnter°has'bee*n C cut across* Us upperpoHion h * art ^ ‘"tmthonusic 

ZsV/e'Lt P ° SSibIe in the POsitio " - w Inch ' they 1 we r e T s e e if when t h 0 ° ch'es t SLvI* 


The post-mortem examination was done fourteen and one-half hours after death 
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right side of the mediastinum, another large, encapsulated adenoma, measuring 
10 by 10 by 8 cm., hung from a pedicle with its tip touching the diaphragm. This 
mediastinal part of the thyroid was covered by a portion of the pleura, which formed 
part of the pedicle itself. There were no adhesions between this adenoma and the 
pericardium, but the two were seen to be in apposition when the chest was opened. 
The adenoma appeared to be about one-tliird again as large as the heart, and dis- 
placed that organ to the left. The parenchyma of the right lung was compressed 
and the alveoli were collapsed. The alveoli of the left lung were filled with precipi- 
tated serum. The gall bladder was normal. 

On microscopic examination, some of the muscle bundles of the heart were seen 
to be large and fragmented and showed cross striation poorly; there was apparently 
some edema of the interstitial tissue. There was slight to moderate atherosclerotic 
degeneration of the aorta. The thyroid contained both large and small acini full 
of dark-staining colloid. The acini were lined with low cuboidal epithelium. The 
capsules of the thyroid adenomas consisted of dense fibrous tissue with calcificaton 
beginning in some areas. 

DISCUSSION 


Preoperatively, there was some doubt as to the diagnosis. Most of the 
roentgenologists thought that the heart was enlarged and that the thy- 
roid extended only to the arch of the aorta. Lateral roentgenograms 
of the chest did not help in the diagnosis, and unfortunately no fluoro- 
scopic examination was done, although this is a routine procedure in 
examining patients with goiters. In retrospect, this would have made 
possible an accurate clinical diagnosis. 

It seemed impossible that the heart could be greatly enlarged when 
the electrocardiogram was so nearly normal. At the post-mortem ex- 
amination the heart was found to be relatively normal in size, and the 
apparent enlargement of the cardiac shadow proved to be produced by 
the intrathoracic goiter. It is very unlikely that the degree of right 
ventricular hypertrophy indicated by the roentgenogram of the chest 
could have occurred without evidence of right axis deviation in the 
electrocardiogram and without electrocardiographic signs of myocardial 
damage. 

Had we thought that the right lobe of the thyroid extended so low 
in the chest, the surgical approach would have been made by splitting the 
sternum. Only in this way would it have been possible to control the 
hemorrhage which ultimately caused the patient’s death. 

The mechanism of extension of the substernal adenoma was probably 
the growth of the gland in the plane of least resistance. The superior 
thoracic cavity was filled with goiter, and further growth was easiei 
downward into the mediastinum. The fact that the pedicle of the 
thoracic goiter was connected directly with the goiter in the neck pre- 
cludes the assumption that it arose from aberrant thyroid tissue in the 
mediastinum. 
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ARTERIAL OCCLUSION IN THE LEFT UPPER EXTREMITY OF 
A MONGOLOID IDIOT WITH CONGENITAL HEART 
DISEASE (TETRALOGY OF FALLOT) 

I. J. Wolf, M.D., and Sandor A. Levinsohn, M.D. 

Paterson, N. J. 

T HE condition described herein is so unusual that it merits report. 

A mongoloid idiot with congenital heart disease (tetralogy of 
Fallot) , who came to autopsy, showed a thrombus of the ductus arteriosus 
extending into the aorta, and the left common carotid, subclavian, 
axillary, and brachial arteries. Maude E. Abbott 1 says that “thrombosis 
in the patent ductus is a well-recognized condition, but the combination 
of a thrombosed ductus extending into the subclavian with or without 
congenital heart disease has not, as far as I know, been reported at all. 
Most of the eases of thrombosis have been reported under the title ‘so- 
called aneurysm of the ductus Botalli.’ ’’ Abbott 2 states further that 
“the condition is chiefly of pathological interest, although its occasional 
rupture, and also the risk of embolism from the thrombus, increases its 
clinical significance. All the cases recorded are in infants, excepting 
that by II ebb. ’ ’ 

report of case 

A male infant of Italian parentage, three weeks old, was admitted to the Barnert 
Memorial Hospital Feb. 1, 1937. One day before admission it was noticed that the 
left upper extremity was pale and weak. The infant had been cyanotic from birth, 
refused to nurse, and progressively lost weight. For one week following birth the 
urine was red in color. Three siblings were alive and well, and one other child died 
at the age of two years with edema of the extremities. 

Physical examination revealed a typical mongoloid idiot (Fig. 1), with generalized 
cyanosis which became more intense on erying. The infant was dehydrated and 
weighed 7 pounds. The temperature was 96° F. A profuse purulent discharge came 
from both eyes. The palms and soles were beefy-red and edematous. The left hand 
lay flaccid, and the baby, when stimulated, could move its left arm only at the 
shoulder. The pallor of the extremity was more or less sharply demarcated at the 
junction of the upper and middle thirds of the arm. The finger tips of the left hand 
were more cyanotic than those of the right. No pulse could be felt at the wrist 
or elbow. Examination of the heart showed a fairly loud systolic murmur, trans- 
mitted downward along the left margin of the sternum and best heard over the 
third intercostal space near the pulmonic area. The pulmonic second sound was 
accentuated. No thrill was palpable. The diagnosis was mongoloid idiocy, con- 
genital heart disease, and arterial occlusion of the vessels of the left arm. 

Laboratory Findings . — On Feb. 5, 1937, the hemoglobin was 126 per cent; the 
erythrocyte count 6,410,000; and the color index 0.98; no changes in the red blood 
cells were seen. The leucocytes totalled 15,150, with 68 per cent neutrophiles, 30 per 
cent lymphocytes, and 2 per cent large mononuclear and transitional cells. The blood 
Wassermann reaction was negative. The urine showed a specific gravity of 1.017, a 
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trace of albumin, a few epithelial cells, a few leucocytes, and an occasional granular 
cast. A smear from the left eye showed Giam-positive bacilli, but no cocci or pus 
cells. A smear from the right eye showed a moderate amount of polynuclear leuco- 
cytes and Gram-positive bacilli. A roentgenogram of the heart nas reported as 
showing nothing abnormal (Fig. 2). 



Fig-. 1. — Note mongoloid facies and flaccid and shrunken left upper extremity. 



Fig. 2. — Roentgenogram of licait. 


Course . — The dehydration on admission was relieved by hypodermoclyses of a ."> 
per cent solution of glucose in saline. Caffeine citrate, in doses of 1 grain, was 
given by mouth every four hours. Oxygen was administered through a nasal 
catheter. The general cyanosis persisted; the left extremity remained pale; the 
infant slept a great deal. 
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Each day the left hand became more shrunken, until, on Eeb. 5, the terminal 
phalanges were mummified. Two days later the whole left hand was the seat of drj 
gangrene. A band of ecchymosis surrounded the left arm at the junction of the 
upper and middle thirds. During this time the infant’s general condition remained 
surprisingly good. His purulent conjunctivitis improved, and he took his feedings 
fairly well, although his weight fell from 7 pounds to 6 pounds 5 ounces. 

The temperature, which rose from 90° F. on admission to 101° P. on the fourth 
day, varied between this and normal until the eighth day, when it rose to 106° P. 
The following day it fell to 97° F., just before the infant expired. The pulse rate 
was 120 on admission, and fell and rose with the temperature. It ranged from 110 to 
180. The respiratory rate ranged from 30 to 50. On February 9, the infant’s 
cyanosis increased, his breathing became stertorous, and he died on Peb. 10, 1937. 

Autopsy Deport (Dr. Hans TVassing). — Post-mortem examination showed a 
cyanotic, emaciated infant with mongoloid features. There was a dry gangrene of the 
fingers of the left hand, and an early gangrene of the extremity as a whole. On 
opening the thoracic cavity there was an enormous venous congestion of the large 
vessels of the neck. The internal organs were markedly cyanotic. The lungs showed 
marked hypostatic congestion. Otherwise, there were no outstanding lesions in the 
internal organs except the heart. The skull was not opened. The heart showed 
a defect of the membranous portion of the interventricular septum. The aorta arose 
from both ventricles. The pulmonary valve was narrow and had two cusps; the pul- 
monary artery was narrowed. The ductus arteriosus and foramen ovale were both 
patent. In the upper part of the ductus there was a thrombus which extended into 
the ascending aorta, and the left common carotid, left subclavian, axillary, and 
brachial arteries. 

SUMMARY 


The ease of a mongoloid infant with congenital heart disease (tetral- 
ogy of Fallot) is reported because of the development of an unusual 
complication, namely, a thrombosis involving the patent ductus 
arteriosus, the ascending aorta, the left common carotid artery, and the 
left subclavian, axillary, and brachial arteries. No similar condition, 
excepting thrombosis of the ductus Botalli, has been reported in the 
literature. 

REFERENCES 


1. Maude E. Abbott: 

2. Maude E. Abbott: 

1927, p. 770. 


Personal Communication. 

Osier and McCrac’s “Modern Medicine,’’ Ed. 3, Yol. 4, 



Department of Reviews and Abstracts 


Selected Abstracts 


Lindner, E., and Katz, L. N.: The Relative Conductivity of the Tissues in Contact 
With the Heart. Am. J. Physiol. 125: 625, 1939. 


Observations -were made on sixteen nembutalized dogs in studying the effects of 
insulation of various regions around the heart on the voltage of the QRS of the 
standard limb-lead electrocardiograms. All animals mere breathing normally with 
chests closed at the time records were taken. The following were the results ob- 
tained: 

"Mock” operation had no appreciable effect on the strength of the peripheral 
electrical field of the heart. 

Insulation between the lungs and the lateral surfaces of the heart produced no 
apparent change. 

Insulation of the heart from the posterior muscle mass resulted in an approxi- 
mate reduction of voltage of 34 per cent. 

Insulation of the heart from the anterior chest wall reduced the voltage by 14 


per cent. 

Insulation of the heart from the diaphragm decreased the voltage by 25 per 


cent. 


Ligation close to the heart of all the vessels of the larger circuit (except the 
coronary circuit) reduced the voltage by 10 per cent, while separating the cut 
ends of these vessels reduced the voltage 40 per cent. 

By elimination of the other surfaces, therefore, the region immediatelj 
cephalad to the base of the heart carries roughly 27 per cent of the current 


generated by the heart to the body. 

It is suggested that the heart itself, because of the absence of any effect 
on the electrocardiogram save that of decrease in voltage, must be an excellent 
conductor. 

Authors. 


Andrus, E. Cowles, and Wilcox, Herbert B., Jr.: The Effects of Anaphylaxis, and 
of Histamine, Upon the Coronary Arteries in the Isolated Heart. J. Exper. 
hied. 69: 545, 1939. 

Anaphylaxis in the isolated, perfused hearts of cats has been shown to be 
accompanied by a considerable, though transient, increase in coronarj fion. 
result is contrasted with that observed in the hearts of guinea pigs and rab nt.' 
in which the coronary arteries aTc constricted during anaphylaxis. Attention 
is directed to the fact that, in the hearts of these three species, the effects o 
anaphylaxis and of histamine arc qualitatively parallel. 

The characteristic anaphylactic response in the isolated hearts of guinea pigs 
has been evoked: (a) in the organs removed from immune animals, (b) by cacti 
of two antigens (horse serum and egg albumen) under conditions of don > c 
sensitization, and (c) upon exposure of the hearts of passively sensitized nmmn s 
to the tvpe-specific polysaccharide of the pneumococcus. 

It is* evident that, among the effects of anaphylaxis upon smooth muscle in 

various organs, there must be considered that upon the coronary arteries. 

* Authors. 




si:t,i:rTi:i> australis 


Mainz cr, P., and Krause. M.: The Electrocardiogram of the Dor After rhlorrhizin 

Poisoning. Curdiologia 2: 120, lO.'tS. 

Phlorrhizin which inhibits phosphorylation causes uu increase in QHS ">th 
splintering and inconstant S-T and T changes, lhese changes are not rt!.itt< 
glycosuria and persist after glycosuria has passed olT. 1 lies uppi.ir within 
few hours uml are not due to left ventricular hypertrophy which follows chronic 
poisoning. The ehnnges are reversible. The changes are attributed to a disturb' 
nnce in onrbohvdrnte metabolism. They resemble ehaages in beri beri. 

Katz. 

Kothbergcr, C. J., and Sachs, A.: Is There a Positive Inotropic Action of Cholin 

Dcrivatcs on Auricular Strips From Warm-Blooded Animals? Cardiologia 2: 

71. IMS. 

On occasion, instead of a negative, a positive, inotropic effect on these nurieiilar 
strips was found. This occurs only with very small doses of acetylcholine or its 
derivatives. This positive effect is reversible on washing and is abolished by atropine, 

Katz. 


Zothe, H.: The Action of Stroplmntliin in Peripheral Circulatory' Disturbances. 

Ztselir. f. KreislaufTorseh. 30: KS9, 1938. 

Stroplmntliin, in therapeutic doses intravenously, leads In an improvement of 
the depressed muscular contraction caused by jieripheml circulatory disturbances. 
This improvement is attributed to an improved O. utilization, not caused by im- 
provement in flow but by increased avidity of the tissue for O.. This suggest* a new 
therapeutic use of stroplmntliin. 

Katz. 


Dcppe, B., and Dicfcnbardt, H. H.: The Resemblance In Man of Circulatory 

Readjustment During Exercise to That Following Adrenaline Intravenously. 

Ztselir. f. KreislnufTorsch. 31: 1, 1939. 

Utilizing data concerning the duration of systole, diastole, and cycle, together 
with that on pulse wave velocity, systolic, diastolic, and pulse pressure, and the 
data on the effective cross section of the elastic reservoir (Su tor’s tables), thev 
have calculated heart stroke volume, volume elasticity, and peripheral resistance 
of the circulatory system. 

A remarkable resemblance in tlie character of the response of these determined 
and calculated variables was found to exist between exercise and adrenaline action. 
The pattern of the two shows the same individual variation amongst the subjects 
studied. 

Katz. 


Puddu, V.: Electrocardiographic Alterations After Effort in Normals and Patients 
With Angina Pectoris, With Special References to the Chest Lead f'ardiobmin 
2: 183, 1938. 


Ten normal and fourteen angina patients were studied. Only slight changes 
were noted following exercise in the normal subject; especially ‘common was the 
fact that S-i may become depressed about 1 mm. 

In anginal patients the electrocardiogram may remain unchanged, but usually 
S-i >s depressed in the 1, mb leads and the T wave in these leads nmv boeon/o 
diphasic or inverted. In the chest lead (new terminology) S-T m ,; b CC0lm 
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noticeably depressed and T dipliasic, inverted or small. In some, the electrocardio- 
gram comes to resemble curves in myocardial infarction. Sometimes changes occur 
oniy in limb leads, and sometimes only in chest leads. 

Katz. 

Ayman, David, and Goldshine, Archie D.: The Breath-Holding Test. Arch, Int. 

Med. 63: 899, 1939. 

Holding the breath in quiet expiration, n-ith the nose and mouth closed, for 
twenty seconds is a simple standard stimulus of blood pressure. Hypertension 
and hyporeactors can be determined by this method. The test is simpler and 
furnishes a somewhat greater stimulus than the cold pressor test. 

Authors. 

Thomson, W. A. R.: Potassium and the T Wave of the Electrocardiogram. The 

Lancet 1: 808, 1939. 

A case of Addison’s disease is reported in which a fall in the level of the serum 
potassium was accompanied by a diminution in the height of the T wave in the 
electrocardiogram. 

Live other cases are described in which a rise in the level of the serum potassium 
was accompanied by an increase in the amplitude of the T wave, followed in some of 
them by a decrease in the amplitude of the T wave when the level of the serum 
potassium fell again. 

It is suggested that there is a correlation between the concentration of the serum 
potassium and the height of the T wave. 

Author. 

Laubry, Charles, Soulie, P., and Laubry, P.: Diagnostic Value of a Triphasic 

Rapid Wave in Angina Pectoris and Coronary Syndrome. Arch. d. mal. du. 

coeur. 32; 337, 1939. 

Triphasic QRS, of any type, should be systematically examined, not only in 
Lead IH, but also in the other leads (including chest leads). Triphasic QRS oc- 
curred fifty-one times in 2,000 tracings. 

Coronary occlusion . — Fifteen of the fifty-one patients had coronary occlusions. 
Amongst a sample of ninety patients with coronary occlusion, 12 per cent had 
triphasic QRS. Triphasic QRS was often associated with other evidence of coronary 
occlusion. In the fifteen cases, in contradistinction to the other forms of heart dis- 
ease, the triphasic QRS was seen in one lead only, though this might be any lead. 
Triphasic QRS. was often associated with the presence of Q,. When absent in the 
standard leads, it might occur in the chest lead. When the QRS had become triphasic 
from acute coronary occlusion, the triphasic quality tended to disappear during the 
follow-up period. 

Angina pectoris . — Thirteen of the fifty-one patients had angina pectoris. In this 
group the QRS was often triphasic in several leads of the same tracing. If this 
occurred in Leads I and III, the R waves usually pointed away from each other. Once 
the complexes were triphasic in all three standard leads. 

Fourteen patients had other forms of organic heart disease (hypertension, aortitis, 
cor senile). Thus, S2 per cent of the patients with triphasic QRS complexes had 
other evidence of organic degenerative heart disease. This finding is in beeping 
with the general experience of the literature. 

Four others had valvular heart disease. In only five cases (10 per cent) was there 
no evidence of organic heart disease. 

Jr.xsr.x. 
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Schlomka, G., and Neuking, P.: Studies of Sinus Arrhythmia. X. In Patients 
With Labile Circulation. Ztsehr. f. Ivreislnufforsch. 30: S04, 103S. 

Sinns arrhythmia was present in these patients, and this was prominent, even in 
tliose with the faster resting heart rates. Tlie practical value of sinus arrhythmia 
in evaluating the state of the heart is apparent. 

Katz. 

Herles, F., Lukl, P., Prnsik, B„ and Sikl, H.: Location of Bundle Branch Block. 
Cardiologia 2: 1, 193S. 

A detailed report of three cases of left bundle branch block with autopsy check 
is presented. In one the right bundle branch was found intact. The electro- 
cardiograms in all were of the common type. 

Katz. 


Lian, C., and Pinchenzon, B.: Auricular Tremulation. Cardiologia 2: SO, 103S. 

A lend connecting the manubrium to the fifth intercostal space parnstcrnally 
was found useful for studying auricular waves. The authors refer to a state 
intermediary between flutter and fibrillation which they call tremulation. This can 
be recognized only in the precordial lead described. This is distinguished by 
regularity in the auricular wave but with some variation. Digitalis in lnrgc doses 
converts tremulation to fibrillation. 

Katz. 


Hadorn, W., and Frey, W.: The Strophanthin Electrocardiogram. Cardiologia 2: 

ST, 1938. 

Typical digitalis deformities following strophanthin in therapeutic doses were 
found in two cases. Similar changes were noted in rabbits. Glucose given simul- 
taneously had no effect on the action of strophanthin, nor did atropin have any in- 
fluence. 

Katz. 

Ewert, B., and Kallos, P.: Electrocardiographic Studies in Experimentally Pro- 
duced Asthma in Guinea Pigs. Cardiologia 2: 147, 193S. 

Asthma attacks were produced in sensitized guinea pigs by inhalation of 
atomized antigens. Inhalation of finely divided histamine or acetylcholine solu- 
tions also produces asthma in healthy non-sensitized guinea pigs. The anatomical 
findings in this Intter group differ from the former. During the allergic and drug 
asthmas, electrocardiographic changes are seen including T wave alterations, dis- 
turbances of rhythm and conduction, and typical changes such as seen in myo- 
cardial infarction. These quickly return to normal after the attack. Histo- 
logically, no myocardial abnormalities are found. The electrocardiographic changes 
are therefore attributed to coronary spasm. 

Katz. 


Hegglen, R.: Systole in Insulin Shock and Diabetic Coma. Cardiologia 2: .170 
193S. ’ ’ 

In diabetic coma, in insulin shock, and following large doses of insulin in the 
treatment of the former conditions, electrical systole is lengthened and mechanical 
systole shortened. This demonstrates that electrical and mechanical events in the 
heart are not synchronous. 


Katz. 
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Lepeschkin, E. W.: The Electrocardiogram in Experimental Coronary Insufficiency, 

Hemorrhage, and Reinfusion. CaTdiologia 2: 236, 193S. 

Experiments were done on thirty-two dogs. Following hemorrhage the heart 
speeds up, then slows, and then stops because of S-A block. Then ectopic heats 
occur, and sinus rhythm becomes re-established with A-Y block. Often there is 
ventricular fibrillation. At first the relative duration of electrical svstole is in- 
creased but later decreased. Before A-Y block develops the P-R is shortened. 
QRS is first shortened and later prolonged. Monopliasic-like QRST complexes ap- 
pear in severe stages. 

Transfusion of the dog’s own blood may reverse these processes. 

Katz. 

Wullenweber, G.: Angina Pectoris Caused by Hematomyelia. Ztschr. f. Kreislauf- 

forsch. 31: 16, 1939. 

A case report of traumatic hematomyelia in a 26-year-old male who developed 
preeordial pain on exertion a year after injury is presented. There was no evidence 
of heart disease, and nitroglycerine was without effect. The spinal cord injury in- 
volved C6 to T3. The case illustrates the importance of nerve pathways in the 
genesis of angina. 

Katz. 

Blahd, Margery, Frank, Ira, and Saphir, Otto: Experimental Endocarditis in 

Dogs. Arch. Path. 27: 424, 1939. 

Endocarditis was produced in 40 per cent of twenty-five dogs by simply inject- 
ing intravenously hemolytic streptococci isolated from a dog. In four dogs endo- 
carditis was produced with a single injection. It is suggested that the use of a 
virulent strain isolated from the same species contributed to the positive results. 
It is concluded that numerous factors may be involved in the development of 
endocarditis. However, the presence of these several factors is not essential, 
for virulent organisms, per se, may cause acute bacterial endocarditis in a previ- 
ously healthy animal. 

Authors. 

Welty, J. W.: A Necropsy Survey of Cardiovascular Syphilis With Particular 

Reference to Its Decreasing Incidence. Am. J. M. Sc. 197: 7S2, 1939. 

Syphilitic cardiovascular disease was encountered in 6.93 per cent of 15,000 
autopsies at the Philadelphia General Hospital. The incidence of syphilitic aortic 
regurgitation was 1.44 per cent and of syphilitic aneurysm 1.2S per cent. 

Statistical data concerning sex, color, and age are given. 

Syphilitic cardiovascular diseases, in all forms and as a cause of death, show 
a definitely decreasing incidence during the 10-year period, 1927 to 1937. 

It is believed that the decreasing incidence may be explained by modern 
methods of therapy. 

Author. 

Zweifach, Benjamin William: The Character and Distribution of the Blood 

Capillaries, Anat. Record. 73: 475, 1939. 

Studies on living blood capillaries in the frog and mouse by a micromnnipulative 
technique reveal the presence of two types of capillaries. The architecture of the 
capillary system is such that the two types map out characteristic anatomical units, 
the arrangement of which is an important factor for the regulation of the local 
distribution of blood. 

One type of capillary, containing muscular elements, is a direct extension of the 
arteriole and continues through to the venule. This capillary has been designated 
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the arteriolo-vcnular or a-v bridge. This capillary conveys an active flow of blood, 
even when the tissues are in a resting or anemic state. The other type of cap) arj 
is purely endothelial and is termed "non-muscular or a true capillary and is an 
offshoot from the a-v capillary. A number of true capillaries are present m each 
capillary system. Only one a-v bridgo is present in each such unit. 

Functionally, under resting conditions blood is flowing only through the a-\ 
bridge. With increased venous congestion the side pathways or true capillaries 
are opened, and the flow is redistributed. With return to basal conditions the tiuo 
capillaries either collapse or are simply devoid of circulating blood, only the u-\ 
bridges containing a continuous flow. 


Williams, J. E., Jr., Harrison, T. E., and Grollman, A.: A Simple Method for 

Determining the Systolic Blood Pressure of the TJnanesthetized Eat. .T. Clin. 

Investigation 18: 373, 1039. 

A method is described for measuring the systolic blood pressure in the tail of 
the intact unancsthetized rat, which when modified ns to size, is suitable for use 
on other animals. 

Authors. 

Houssay, B. A., Pasciolo, J. C., and Taquini, A. C.: Mechanism of Arterial Hyper- 
tension of Eenal Origin. Bev. argent, do cardiol. 5: 293, 1939. 

The ischemic kidney secretes a vasoconstrictor substance which causes a perma- 
nent hypertension. This substance is easily demonstrable; 1) becauso it exists 
in the blood of the renal vein; 2) because an ischemic kidney from a hypertensive 
dog grafted in the neck of a recently nephrectomized dog causes, in a few minutes, 
a rise in the arterial pressure of the latter. 

This substance has a constrictor action on the perfused vascular systems of both 
the toad and the dog. The normal kidney docs not produce such a substance for its 
venous blood has no constrictor effect, and, if grafted, it does not alter the blood 
pressure of the receptor. 

The vasoconstrictor substance has its origin in the kidney and produces its blood 
pressure raising effect independently of the adrenals, for the graft of an ischemic 
kidney raises the blood pressure of a recently adrenalectomizcd dog. Various authors 
have observed that adrenal insufficiency causes a fall in the blood pressure of a dog 
made hypertensive by renal ischemia, but it is not yet clear if this is due to the in- 
ability of the kidney to produce the hypertensive substance, or to the non-reactivity 
of the vascular system to this substance. 

Healthy renal tissue protects in a way still unknown from the hypertensive action 
of the ischemic kidney. This hypertensive action is not affected by renal denervation 
or by resection of large portions of the vasomotor nervous system. Hypertension 
is independent from uremia. 

After complete renal ischemia, a vasoconstrictor substance also appears for, 1) 
when the circulation through the kidney is re-established, the blood pressure rises’ im- 
mediately. 2) the renal venous blood has a vasoconstrictor effect and, 3) the graft 
of this kidney in the neck of a normal dog produces a rapid rise of blood pressure. 
It is still unknown if the vasoconstrictor substance of the completely ischemic 
kidney, which may be considered as dead, is similar to that of the ischemic kidney 
which lives and functions continually during several months. 

It is necessary to find sure and sensitive methods which would enable us to find 
the vasoconstrictor substance of renal origin in the peripheral blood of hypertensive 
subjects. r 


Authors. 
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Bisgard, J. Dewey: Relation of Hyperthyroidism to Hypertension. Arch. Int 
Med. 63: 497, 1939. 

As a physiologic response to hyperthyroidism, the systolic blood pressure is 
usually slightly or moderately elevated. It recedes to the normal level with relief 
of hyperthyroidism. 

In a series of 265 cases studied, hyperthyroidism was associated with true 
essential hypertension in approximately S per cent and with elevations of the 
systolic pressure above the physiologic level (above 150 mm. of mercury) in 30 
per cent. On the basis of changes of blood pressure following relief of hyper- 
thyroidism, two types of cases are discernible: (1) cases with fixed or established 
essential hypertension, in which the blood pressure and the course of the vascular 
disease are not significantly influenced bj" relief of hyperthyroidism and, (2) 
cases with latent or labile essential hypertension, in which the blood pressure 
shows considerable reduction after relief of hyperthyroidism or approaches a 
normal level and maintains this level for a long period. In some cases of the 
second type the pressure is observed subsequently to ascend. In these cases there 
is excessive response in blood pressure to exercise and to the cold pressor test of 
Hines and Brown. It is suggested that the relation of hyperthyroidism to hyper- 
tension in these cases is provocative, that hyperthyroidism merely precipitates 
or exaggerates hypertension which is latent. 

It is further suggested that in both types there is arteriolar disease, differing 
only in degree. In the first type the disease is more advanced, rendering the 
vascular bed inadequate for even a normal volume of blood flow. In the second 
type the disease may be designated as pretensive hypertension, which progresses 
to the condition of the first type with the advance of time. 

Author. 

Goldblatt, Harry, Kahn, Joseph B., and Hanzal, Ramon P.: Studies on Experi- 
mental Hypertension. The Effect on Blood Pressure of Constriction of the Ab- 
dominal Aorta Above and Below the Site of Origin of Both Main Benal 
Arteries. J. Exper. Med. 69: 649, 1939. 

Constriction of the abdominal aorta just above the site of origin of both main 
renal arteries has little or no immediate effect on the blood pressure above the 
site of the clamp (carotid, systolic, or mean pressure), but in about twenty-four hours, 
hypertension develops. Below the site of the clamp, the immediate effect is the lower- 
ing of the femoral mean pressures. As the carotid systolic pressure becomes elevated, 
the femoral mean pressure also begins to rise and, in some animals, eventually reaches 
a level higher than normal, despite great constriction or even occlusion of the 
abdominal aorta. 

Constriction of t lie aorta just below the origin of both main renal arteries has 
no significant effect on the blood pressure (carotid, systolic, or mean pressure) above 
the site of the clamp. Below the site of the clamp, the blood pressure falls and 
tends to remain down, or at most returns to the preoperative level. 

The uremic, convulsive (malignant or eclamptic) phase of hypertension, with renal 
excretory insufficiency and degenerative, necrotizing, and inflammatory arteriolar 
lesions in many organs, has been produced by suddenly constricting to a great 
degree the abdominal aorta just above the origin of both main renal arteries. 'Hie 
presence of renal excretory insufficiency in the animals that develop hypertension 
is directly dependent upon the degree of constriction of the abdominal aorta, and 
especially the rapidity with which it is produced. 

Hypertension following the constriction of the abdominal aorta just above the 
origin of both main renal arteries, whether or not accompanied by renal excretory 
insutficiencv, is of renal origin. 


Authors. 
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Plenczner, A.: Comparison of Hypertension in Athletes and Non- Athletes. 
Ztsclir. f. KrcislnufTorsch. 30: 70.3, 103S. 

The frequency and appearance of hypertension is similar in the two groups. 
The development of sinus bradycardia and increasing vital capacity with training 
occurs in both. 

Katz. 


Harrison, C. V.: The Effect of Sympathectomy on the Development of Er.pcri- 
mental Arterial Disease. .T. Path, and Baet. 48: 3;>3, 1030. 

To test the effect of relaxation of the vessel wall on the development of experi- 
mental arterial disease, a series of rabbits were subjected to unilateral lumbar 
sympathectomy and subsequently fed with large doses of cholesterol in oil. A control 
group received similar cholesterol treatment but no operative interference. The 
vascular lesions on the sympathectomized side were more severe than on the opposite 
side. In the control animals there was no significant difference between the two 
sides. These results were confirmed by chemical estimation of the cholesterol 
in the excised vessels. It is concluded that sympathetic paralysis enhances the 
effect of cholesterol in producing vascular lesions. This experiment lends support 
to the hypothesis that atheroma is in part due to weakness of the underlying 
media. 

X.unr.. 


Bouvrain, Yves: Contribution to the Study of the Respiration of Cardiacs. 

Monograph, Louis Arnette, Paris, 193S. 

This is a doctor’s thesis written under the direction of Professor Lnubrv. After 
having discussed in detail the literature on the subject, she reports 107 experi- 
ments on the effect of effort on the oxygen consumption in health and in cardiac 
disease. The average results are tubulated ns follows: 


NUMBER 


IIASAI, 

RATE DURING 

RATE DURING 

OF 

CATEGORY 

MKTABOMC 

FIRST 2 MIS. 

SECOND 3 

CASES 


RATE 

FOI, ROWING 

MIN. FOI.I.OW- 



EFFORT 

!N(i EFFORT 

20 

Controls 

+ 2.15 

+10.20 

+ 2.50 

11 

Various forms of heart 

+ 9.00 

+1 7.10 

+ 5.00 


disease compensated 



19 

Various forms of heart 

+25.90 

+41.30 

+ 8.00 


disease decompensated 


17 

Hypertension com- 

+21.00 

+20.00 

-f o.OO 


pensated 



12 

Hypertension decom- 

+25.70 

+-11 .SO 

+11.00 


pensated 



21 

Mitral heart disease 

+ 3.00 

+22.00 

+ -1.50 

11 

compensated 

Mitral heart disease, 

+ 1.80 

+58.00 

+19.50 


pulmonary symp- 
toms onlv 




10 

Mitral heart disease, 
decompensated 

+10.90 

+30.00 

+11.90 


Tim effort tolerance test consisted in the two steps designed by Muster and was 
modified according to Ins directions to fit individual cases. The average values 

r srrirs ~ 

group with decompensated heart disease was much higher, though it included 
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patients with normal or even low basal metabolic rates. The increase bore no 
certain relation to the degree of failure. The oxygen consumption followin' 1 
effort was markedly increased. The highest oxygen consumption after effort oc- 
curred in the patients with the highest basal metabolic rate, though this was not 
an absolute rule. 

Among patients with compensated hypertension the average basal metabolic Tate 
was increased, though it was normal in some cases. The group included no cases 
of clinical hyperthyroidism. The hypertensive patients with high basal metabolic 
rates differed in no other way from the others. The oxygen consumption was 
increased after effort, but the increase bore no fixed relation to the basal metabolic 
rate. The patients with decompensated hypertension behaved practically like the 
patients with various forms of decompensated heart disease. 

One patient with advanced hypertension had paradoxical findings: 

His basal metabolic rate was +79, but following effort the Tate of oxygen 
consumption fell to -30 for both periods of observation. Unfortunately the test 
was not repeated for the patient died two days later from a coronary infarct. The 
author thought that the liyperpnea following effort had been so severe as to 
prevent adequate gas exchange. 

The findings among patients with compensated mitral heart disease were almost 
normal. A group with pulmonary symptoms had the lowest average basal 
metabolic rate of any group, but by far the highest oxygen consumption after 
effort. The author attempts to explain this by the mechanical obstruction to the 
blood flow caused by the stenosis, which during effort prevents a sufficient increase 
to meet the increased oxygen requirements. In decompensated mitral disease both 
the basal metabolic rate and the oxygen consumption after effort were increased. 

The blood velocity was measured by the ether and by the saccharin methods, but 
proved of little value. In several cases with mitral disease and pulmonary em- 
barrassment, the results were normal, only once was the time markedly prolonged. 
The circulation rate was not affected by the state of the pulmonary circulation, 
but rather bj- general decompensation. 

As there is no definite relation between the degree of increase in oxygen con- 
sumption and degree of heart failure, the practical value of the test is limited. 
Even in the presence of marked heart failure, may the oxygen consumption be 
normal. 

Jf.XSEX. 


McGuire, Johnson, Shore, Rose, Hauenstein, Virgil, and Goldman, Fred: Influence 

of Exercise on Cardiac Output in Congestive Heart Failure. Arch. Int. Med. 

63: 4G9, 1939. 

The influence of similar measured exercise on the cardiac output of five normnl 
subjects, four patients with compensated cardiac disease and five patients with 
cardiac decompensation has been determined. 

In the normal subjects a considerable increase in cardiac output with exercise 
occurred, the average increase being 2.07 liters per minute. 

In the patients with compensated cardiac disease the increase in cardiac output 
was moderate, the average increase being 3.21 liters per minute. 

In the patients with congestive heart failure the increase in cardiac output 
with exercise was small, the average increase being 0.7o liter per minute. 

These data suggest that in patients with severe cardiac decompensation under 
the conditions of these experiments the cardiac output is not increased with effort 
to the same degree as it is in normal persons and that relative inability to increase 
the cardiac output may have an important bearing on the pathogenesis of conges- 
tive heart failure. 


Atmions. 
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Day, Richard, and Klingman, Walter 0.: The Effect of Sleep on Skin Temperature 
in a Case of Acrocyanosis. .T. Clin. Investigation 18: 271, 1039. 


A case of acrocyanosis in a 6%-ycnr-old girl is described. In sleep, her hands 
and feet became warm and red; and under these conditions the hands responded 
in a parallel wav with the rest of the body to warm and cold foot baths. Local 
cooling of the palm of the hand did not induce vasoconstriction when sho was asleep. 
Microscopic observation of the capillaries at the base of the nails showed sh.gg.sh 
flow of blood and dilation of the venous side. These observations seem to support 
the contention of Lewis that in acrocyanosis the primary fault is vasoconstriction 
of the arterioles. However, the predominant influence of sleep over thermal influences 
on the condition of this patient’s hands points to abnormal vasomotor tone of 
central origin as the primary cause, rather than local sensitivity to cold such ns was 
demonstrated in their cases by Lewis and by Pcarsc. Further evidence of sympathetic 
nervous system dysfunction was noted in a peculiar blotchincss of the shin during 
spells of anger. Spasm of the pylorus, which was demonstrated radiologicnlly on 
one occasion, constituted a possible cause of her periodic episodes of vomiting, and 
presented further evidence of widespread sympathetic abnormality. 

Authors. 


Smith, H. W., Rovenstinc, E. A., Goldring, W., Chasis, H., and Ranges, H. A.: The 
Effects of Spinal Anesthesia on the Circulation in Normal, Unopcrated Man 
With Reference to the Autonomy of the Arterioles, and Especially Those of 
the Renal Circulation. ,T. Clin. Investigation 18: 310, 1939. 


Twenty-one normal unoperated subjects have been observed before and during 
spinal anesthesia. In eighteen of these subjects sensory anesthesia was established 
up to To, and in three subjects to above Tl. That the anterior roots or sympathetic 
rami have been effectively blocked has been demonstrated by the abolition of the 
typical reflex responses to hypercapnia, anoxemia, and gravity. 

Anesthesia to levels considerably above those at which the efferent sympathetic, 
paths to the kidneys emerge from the cord does not produce renal hyperemia, nor 
does it have any other consistent effect up on the renal circulation. It is concluded 
that the tone of the renal arterioles is normally maintained by autonomous, in- 
trinsic activity of the peripheral vasculnr apparatus and is not dependent upon 
tonic activity of the central nervous system. 

Normal blood pressure may be maintained in normal, unopcrated subjects with 
sensory anesthesia at spinal levels (To or higher) above those nt which the highest 
vasoconstrictor fibers emerge to the splanchnic viscera and legs. In those instances 
in which the arterial pressure is reduced, the systolic pressure falls more than the 
diastolic, the latter being usually maintained at essentially normal levels. There 
is at no time the hemodynamic picture to be expected from arteriolar dilatation- 
rather the decrease in blood pressure is such as is to be expected in consequence 
of a decreased cardiac output in the face of an unchanged arteriolar bed. That the 
cardiac output is actually decreased is indicated by measurements available in the 
literature. This decreased cardiac output results from decreased stroke volume the 
latter resulting from postarteriolar dilatation and decreased venous pressure. ' The 
postarteriolar dilatation can be explained in terms of dilatation of capillaries venules 
and veins in consequence of skeletal muscle paralysis, without positing tonic sym- 
pathetic activity to these circulatory channels. Possibly some further venous 
embarrassment is occasioned by paralysis of the abdominal and thoracic muscles 
and m some instances, by acute dilatation of the spleen. Dilatation of the arterioles 
of the skin, the only region for which there is indubitable evidence of sympathetic 
tonic activity m man, probably operates against the development of hypotension by 
contributing to the maintenance of venous pressure. * 
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It is inferred that (like the renal arterioles) the arterioles of the other splanchnic 
viscera and probably the skeletal muscles possess sufficient autonomy to maintain 
a normal blood pressure after denervation, providing the method of denervation is 
not such as to precipitate severe circulatory disturbance. It is a corollary of this 
conclusion that there is normally negligible tonic activity in the sympathetic 
vasomotor paths.* 

The peripheral vasomotor system in man under spinal anesthesia is highly resistant 
to hypercapnia and anoxemia, which precipitate circulatory collapse in the anes- 
thetized sympathectomized dog and cat and in the anesthetized cervical dog by 
dilating some as yet undetermined portion of the vascular bed. 

Evidence bearing on the tonic activity of the vasomotor system, as obtained from 
the sympathectomized dog and cat, the cervical dog, and the dog under spinal 
anesthesia, has been critically reviewed, and it has been pointed out that most of 
this evidence suffers from having been obtained from anesthetized animals, and 
reasons have been given for its inadequacy. 

It may be emphasized that our conclusion regarding the absence of important tonic 
activity in the sympathetic vasomotor paths to the arterioles generally, and to the 
kidney's especially', refers only to normal man in the resting, basal condition, and in 
the supine position. It remains to be determined to what extent sympathetic activity 
may be evoked by traumatic excitation, by' assumption of the upright posture, by- 
excitement, in hypertensive disease, etc. Investigation of these questions relative 
to the kidneys is now in progress. 

Authors. 

Naide, Meyer: The IJse of Vitamin B, in Best Pain of Ischemic Origin. Am. 

J. M. Sc. 197: 766, 1939. 

Vitamin B, was given intravenously in doses of 100 mg. to ten patients with 
ischemic neuritis or rest pain of ischemic origin. Seven obtained complete relief of 
pain; two patients obtained partial relief, and one failed to obtain any relief. 
Pain was relieved only as long as vitamin B, was administered parenterally. Main- 
tenance amounts of vitamin B, (20 to 100 mg. once or twice a week) were required 
to keep patients free from pain as long as the vascular condition remained unchanged. 

Gangrene, ulcers, and objective neurologic changes were not improved by vitamin 
B r ' 

Vitamin B, does not supplant the usual methods of treating peripheral vascular 
disease but is worthy of clinical trial in patients with refractory' pain. Measures 
designed to increase peripheral circulation should always be used in these patients. 

Vitamin B, was used intravenously in two patients with intermittent claudication 
and in normal individuals under conditions of experimental ischemia with equivocal 
results. 

Author. 

Master, Arthur M., Jaffe, Harry L., and Hack, Simon: The Drug Treatment of 

Angina Pectoris Due to Coronary Artery Disease. Am. ,T. hr. Sc. 197: 771, 3939. 

A study has been made of the effect of sixteen drugs, including a placebo, milk 
sugar, on angina pectoris due to coronary artery disease. The drugs included 
several xanthine derivatives, alcohol, sedatives such as phenobarbital, chloral, 
and bromides, the nitrites, a tissue extract, digitalis and two narcotics, codeine and 
dilaudid. 

No drug was found to exert any specific effect on the anginal syndrome, for the 
best results were obtained with a placebo, and the number of patients improved 
ranged between 15 and 30 per cent for all drugs. 
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No drug was consistently successful in a significant number of cases. Some 
patients were helped by all drugs, others by none. 

The beneficial effects attributed to many drugs in the past may be explained 
on the basis of insufficient consideration of the significance of the natural course 
of the anginal syndrome, and particularly, of psychologic factors, in determining 
the degree of pain. The mildness or severity of the anginal syndrome is often directly 
dependent on the emotional status of the patient at the time, regardless of the degree 
of coronary artery disease. 

It is concluded that drugs should play a minor role in the treatment of angina 
pectoris. Instead the importance of such measures as rest, dietary restriction, 
and minute attention to the mental and emotional status of the patient, is empha- 
sized. 

Authors. 

Mulinos, Michael G., Shulman, Israel, and Mufson, Isidor: On the Treatment of 

Kaynaud’s Disease With Papaverine Intravenously. Am. J. M. Sc. 197: 793, 

1939. 

The vascular status of the hands of five patients with Baynaud's disease has 
been studied. 

Treatment with histamine iontophoresis to the hands and papaverine hydro- 
chloride intravenously in doses from 60 to 120 mg. three times a week has led to a) 
an objective increase in the vascular bed volume and the rate of blood inflow of the 
hand; b) a complete alleviation of the syncope, cyanosis, and pain from exposure 
to cold; c) the healing of trophic lesions when these were present. 

No addiction and little cerebral depression occurs from the papaverine, despite 
long continued treatment (6 to S months). 

Authors. 

Kramer, David W.: Intermittent Venous Compression in the Treatment of Periph- 
eral Vascular Disorders. Am. J. M. Sc. 197: 808, 1939. 

Periodic venous compression is offered as another method in treatment of 
peripheral vascular disease. It is based on logical principles, and investigations 
have shown that it does produce a beneficial effect upon the circulation. 

A series of 103 patients were observed, totalling about 1,500 treatments. The 
usual run of vascular disorders were included, except the vasoneuroses and Raynaud's 
disease groups. 

The results upon Buerger's disease and diabetics were average, 66.6 per cent being 
benefited. The arteriosclerotic group was disappointing, favorable results bein'- 
obtained in only 60 per cent. 

Phlebitis constituted the largest series, with thirty-three patients. Vasospasm 
was a common occurrence in these cases. The analysis showed that 72.8 per cent 
were favorably influenced. 

Collectively, seventy patients (08 per cent) of the 103 in the series were benefited 
Because of its favorable influence upon various vascular disturbances and because 
of its broader application, we consider intermittent venous compression a de- 
sirable addition and adjunct in the treatment of peripheral vascular diseases. 

Author. 
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On Electrocardiographic Changes in Health and Disease ® ^ 

mental Anoxemia: By Kaj H. Larsen, Htmangel, Copenhagen, 222 pages, 19-S. 


This is a study of the effect of anoxemia, produced by the inhalation of 9 to . 
per cent 0„, and of effort, on the electrocardiogram. The work is of the highest 
order. The technique, especially the electrocardiographic procedure, is fully de- 
scribed. Also, the literature is very completely discussed. 

The author states that anoxemia and effort, under standardized conditions, will 
so frequently produce characteristic changes in the electrocardiogram in patients 
with heart disease that these functional tests have real diagnostic value. He 
believes that with proper precautions the tests carry no risk. 

The reviewer can only praise the excellence of this work, and accept it as a 
real addition to cardiologic knowledge. But the study includes only fifty-six tests 
on patients with coronary disease, and one death from angina pectoris, following 
an effort test, has been reported. I know of another. There is some evidence 
that anginal attacks may in themselves be fatal. Therefore, it is questionable 
whether any test involving the production of anoxemia in a patient with a damaged 
heart, often with concomitant precordial pain, will ever gain general acceptance. 

Normal Persons. — Twenty normal persons were examined. P 5 became higher 
in eighteen, was unaltered in one, and lowered in one. There was a general, though 
not universal, tendency for the R waves to become lower. The T waves were 
lowered, but never inverted. Q-T. was shortened. The rate was increased, on 
an average, by 40 per cent. The S-T segment was not lowered more than 1 mm. 
The findings were statistically examined by Dr. G. Raseh, and normal standards 
were established. 

Arteriosclerotic Heart Disease . — The author attributes all angina pectoris to 
myocardial anoxemia, although the actual mechanism whereby this can be produced 
may vary. 

Among seventeen patients with “coronary angina pectoris,” thirteen showed 
abnormal electrocardiographic changes during induced anoxemia, mostly depression 
of the S-T segments exceeding 1 mm., and partial or total inversion of T waves. 
Electrocardiographic changes which were present before the test became accentuated. 
Four patients who showed no electrocardiographic changes during anoxemia did 
so with effort. 


While the tests in many cases produced precordial pain, there was no definite 
relation between the electrocardiographic changes and the pain. Either might 
occur without the other, or, if they occurred together, the onset and cessation 
might not coincide. The electrocardiographic changes were not prevented by previ- 
ous administration of nitroglycerin. 


The changes are not pathognomonic of coronary disease, for they may also 
occur in patients with rheumatic heart lesions, certain endocrine disorders and 
severe anemia. 

Effort (in the form of standardized bicycle tests) does not normally produce 
significant lowering of the S-T segment, or render the T waves diphasic or in- 
verted, but in the author’s series such changes occurred commonly in patients with 
coronary disease, including some in whom the electrocardiograms had not been 
changed by anoxemia. 

In four out of sixteen patients with arteriosclerotic heart disease, but without 
angina pectoris, the electrocardiograms were changed by anoxemia. The chances 
were not associated with precordial pain. 6 

In ten patients with attacks of pain in the chest, but without objective evidence 
of heart disease, anoxemia produced no changes in the electrocardiogram How- 
ever, absence of change does not exclude organic heart disease, including narrow- 
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ing of the coronary arteries. The value of the anoxemia test and of :h? effort 
test is in the frequency with which changes occur in the nresenee of organic heat 
disease. 

Hheumatic Heart Disease . — Four out of eigin parients vita mitral disease ,'vr.h 
or without concomitant aortic disease) showed, daring anoxemia, electrocardio- 
graphic changes similar to those seen in coronary disease. 

Myxedema . — Recorded electrocardiographic changes are ext ens ively discusser. 
During anoxemia, S-T segments and T waves showed a tendencv to become lover. 
This was least marked when the electrocardiogram had l>een nreviouslv change; 
by the disease and most marked when the tracing had recentlv returned to normal 
tinder treatment. 'When the treatment was well in hand the electrocardiogram was 
no longer changed by anoxemia. Rarely were the changes associated with r re- 
cordial pain. 

Hyperthyroidism . — Four out of rive patients showed signirieant changes in tie 
S-T segments and in the T waves during anoxemia. 

Diabetes . — The anthor believes that diabetes may. in itself, produce electro- 
cardiographic changes which may clear up when the diabetes is treated, and that 
these changes are due to disordered metabolism caused by insulin dericiency. In- 
sulin can also affect the electrocardiogram, partly through hypoglycemia and partly 
through some specific effect on the myocardium. Mine out of twelve diabetics 
showed significant electrocardiographic changes during anoxemia. The degree of 
these changes is determined both by the blood sugar concentration and the insulin 
content of the body. 

Anemia . — As a rule, the electrocardiographic changes due to anemia are net 
very severe. They do not necessarily depend on the degree of anemia. When the 
hemoglobin was 40 per cent, or less, anoxemia produced changes in the S-T seg- 
ments and in the T waves. When the patients had recovered from the anemia 
these could usually not be reproduced. In no case was induced anoxemia associate! 
with precordial pain. 

.Trurs Jensex. 


ADvgxTrr.ES ix Respibatiox. Modes of Asphyxiatiqx axd Methods or Ersrsc:- 
tatiox: By Yandell Henderson. Baltimore. 316 pages. IPS?. The Williams ant 
Wilkins Co. 

The title admirably describes the book. It is essentially a record of the author s 
own experiences, extending over nearly forty years, in various investigations o: 
respiratory function. The book covers many phases, bur its basic theme is tac- 
control of respiration by carbon dioxide, the manner in which this function may 
be disturbed, the consequences thereof, and the use of carbon dioxide in therapy. 

Starting his scientific career at the turn of the century, the author first stuaieu 
the phenomenon of circulatory failure, and even in these early investigations 
postulated the existence of a • * venopressor mechanism" — a subject to which his 
subsequent work was to bring him back on many occasions. In 1 P‘T> appear* - : 
the papers of J. S. Haldane on the influence of carbon dioxide in tne control o± 
respiration, and at once Professor Henderson constituted himselx “a? an ac.>*< 
propagandist for the Haldane doctrine." The suggestion, made in an a-.artv' 
in 3P0P, that 5 per cent carbon dioxide with oxygen b? used at the cr.c of an*--- 
thesia to prevent apnea, was. however, received at the tim-- with devi.s... » — 
criticism." Two years later came the famous Pikes Peak expedition of HrJ-mu*’. 
Henderson. Douglas, and Schneider. The relation-hit' of carbon dioxiee an* 1 , or} -• - 
in the control of respiration was then earnestly studied and dis-ns-et. 1~ IP." - 
when ‘‘acidosis*' -was still synonymous with low “alkaline reserve," the 
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again raised a protest, for lie realized tliat at least at high altitudes the low cat bon 
dioxide levels by no means constituted a state of acidosis. 

Even before this time, Professor Henderson had begun the more practical in- 
vestigations which have since come to bo so much associated with his name, 
namely, his work with mine rescue apparatus, starting with his appointment, in 
1912, as consulting physiologist in the United States Bureau of Mines; his vigor- 
ous and courageous supervision of the experiments leading to the development of 
the American gas mask during the war; his assistance in the establishment, of 
adequate ventilation for the Holland Tunnel under the Hudson River (1920) ; his 
outstanding service in the development of an adequate technique for relief of 
carbon monoxide asphyxiation by means of carbon dioxide-oxygen inhalation with 
the H. H. inlialator (1922); and, more recently, his extension of the use of carbon 
dioxide-oxygen administration to resuscitation of the newborn, as well as to pneu- 
monia, shock, and the postoperative apneic state. 

In the presentation of his own views, Professor Henderson is protagonist rather 
than critic, and it is perhaps not unfair to say that in his discussion of some 
still controversial subjects not much attention is given to opposing views. In this 
category are the question of the validity of the Coryllos-Birnbauin hypothesis that 
bronchial obstruction is the immediate factor producing pneumonia, and the ques- 
tion of the effectiveness of carbon dioxide therapy in later postoperative states 
(subsequent to the immediate postanesthetic period). There are numerous critical 
references to the earlier chemical theories of acidosis and the acid-base equilibrium; 
and while such criticism of the early discussions of this subject is justified, there 
is in the book no recognition of the subsequent elaboration and completion of 
knowledge of this physicochemical system, descriptions of which have largely 
answered Professor Henderson’s earlier criticisms. There are also in the book 
one or two errors of fact, as in the statement that “even when diabetic acidosis 
has reached the stage of coma, and death impends, no great amount of alkali 
has been lost from the body. ’ ’ 

These are minor criticisms, so far as the book as a whole is concerned. Ad- 
ventures in Respiration is not, and is not intended to be, a textbook, but a vivid 
and interesting account of the “adventures” of one who has contributed largely 
in the field of respiratory physiology. It shows the working of a vigorous and 
imaginative mind, the mind of a physiologist who boldly applied his newly learned 
knowledge to important practical problems in industry and medicine, and achieved 
remarkable success. 


Dickinson W. Richards, Jr., M.D. 
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Original Communications 


FACTORS INFLUENCING THE AURICULAR MURMUR AND TU 
INTENSITY OF THE FIRST HEART SOUND 


Eugene A. Stead, .Jk., M.D., and Paul Kunkki,, M.D. 

Boston, Mass. 

O TUDIES of cases of mitral stenosis in which there wore varying cle* 
^ grees of heart block have clearly demonstrated that the presystolic 
murmur of mitral stenosis is produced l>v contraction of the auricle. 1, 3 
More recently it has been appreciated that presystolic gallop rhythm and 
certain split heart sounds also result from sound waves initiated by 
auricular contraction. 4 * ■* The relation of the auricular contraction to tin; 
intensity ol the first heart sound has been investigated by many ob- 
servers. 0 ' s There has been no unanimity of opinion, however, as to the 
mechanism by which the auricular contraction modifies the intensity of 
the first sound. This study is reported for the purpose of emphasizing: 
(1) the effect, of the degree of ventricular filling on the intensity of the 
sound produced by the auricular contraction; (2) the relative effect on 
the intensity of the first heart sound of (a) the time of auricular con- 
traction and (b) the degree of ventricular filling. 


METHOD 


TIlc Cambridge stctUogmpU and the. Kindle electrocardiograph were used to 
record the heart sounds and the electrocardiogram simultaneously. The stethograph 
consists of three main parts, namely, a large bell microphone that provides a 300 
to 400 per cent amplification of sounds in tlie range between 75 and 550 cycles 
per second; a vacuum tube amplifier; and n recorder consisting of light source 
camera and galvanometer. The heart sounds were recorded from the apes with’ 
the subject in the recumbent position. Lead II was always used for the simul- 
utncously recorded electrocardiogram. 


4 me -year-old, white, single seamstress, entered the hospital Nov. 

n’ f “ l " St0ry of Adnnw-Stokca attacks for three weeks preceding ad- 

n ssion. There was no past history of rheumatic fever, chorea, dyspnea, or angina. 
In the physical examination the points of interest were confined to (he cardie- 
'ascula,' system. The heart was not enlarged. The first sound at the apex was 

^ Ho"pltid' wd’tiftt™! ofAfeJ/cVne! Kurd fSStol 
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accentuated; there were a blowing systolic murmur of moderate intensity, and a 
presystolic murmur, both of which were maximal at the apex. The heart rate was 
80 per minute, and the beating was regular. The blood pressure was 130/60. 
The peripheral vessels showed moderate thickening. The eye grounds were nega- 
tive. The clinical impression was sclerosis of the coronary arteries with varying 
degrees of block, and inactive rheumatic heart disease with a minor degree of 
mitral stenosis. 

"While the patient was in the hospital the rhythm of the heart varied from 
normal to complete block. During periods of 2 to 1 heart block, in addition to 



Fig'. 1. — Simultaneously recorded electrocardiograms and phonocardiograms in Case 
1. Bell microphone placed just inside apex. A, auricular murmur ; 1, first heart 
sound ; 2, second heart sound. . 

In this and the following figures, unless otherwise stated, the various tracings weie 
taken at different times* 

A, Partial heart block ; B, 2 to 1 heart block ; C, Complete heart block ; D, Periods 
of ventricular standstill. 

the presystolic murmur, a second murmur was audible a short time after the 
second heart, sound. This new murmur was usually louder than the presystolic 
murmur, but differed from it in no other way. With 3 to 1 block two distinct 
murmurs were audible in addition to the presystolic murmur; the early diastolic 
murmur was loud, the mid-diastolic murmur faint, and the presystolic murmur barely 
audible. In periods of complete block, striking differences in the intensity of 
the first heart sound were noted in certain cardiac cycles, in addition to the 
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nuricntav — « - A * * hc '’"“ I ”””' 11 

nerincls of ventricular standstill, three or four auricular ...... nun a, tael, '• >m< 

than the preceding one. were audible. During .ho remainder ^nf 1 >«« 
sounds were audible, although the elect roeard.ogram showed that nu. . 
contracting rhythmically. 

Comment. — Simultaneous phtmocardiogrnphie aiul electrocardio- 
graphic tracings revealed several faels of interest. Fig. 1 A shows par- 
tial heart block with a P-R interval of 0.22 second and it rate of SO per 



„ Pie. 2.— Simultaneously recorded electrocardiograms and plionocardioitiams in Case 
1. Bell microphone placed Just inside apex. 

A, Complete heart block. The ilrst sounds in the last two beats arc accentuated bv 
the auricular contraction. It and C. Lons periods of ventricular standstill. A con- 
tmuous record with strips omitted between 11 and C and after the first ventricular 
beat in C. The first ventricular contraction in 11 and the first and second ventricular 
contractions in C follow’ 8-second periods of ventricular standstill. D, Both ° to 1 heart 

fiie C flrst 'and ‘second 1 portions^ contim,ous rccord with * fc "' 0 ”>^d between 


minute. The presystolie murmur is readily visible. Fig. 1 B is a tracing 
of 2 to 1 heart block with an auricular rate of 84, and a ventricular rate 
of 42, per minute. When the auricle contracts early in diastole a mur- 
mur is produced which is louder than the presystolie murmur. Tracings 
G and D show complete block and periods of ventricular standstill. The 
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auricular rate is about 85. Again, the more closely the auricular con- 
traction follows the second sound, the louder is the murmur produced. 
This is strikingly shown in the longer periods of ventricular standstill. 
The fifth auricular beat is barely visible on the sound tracing, and was 
inaudible. 



Fig. 3. — Simultaneously recorded electrocardiograms and phonocardiograms in 
Case 2. 

A, A 5-second period of cardiac standstill without change in the P-R interval. The 
intensity of the first heart sound is not altered. B, Increase in P-R interval and short 
period of cardiac standstill. As the P-R interval is lengthened, the first heart sound 
decreases in intensity. 


Fig. 2 A shows the effect of different P-R intervals on the intensity of 
the first heart sound. In this case the sound is increased in intensity 
until P-R intervals of 0.18 to 0.04 second. With P-R intervals outside 
these limits the auricular contraction has no measurable effect on the 
first heart sound. Tracings B and C are from t he same record. In B 
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often so faint that it failed to reach the threshold of audibility. He gave 
the following explanation for this variation. When the auricular con- 
traction immediately follows the second sound, a loud noise is produced 
because the blood is forced rapidly into the empty ventricle. Each suc- 
ceeding auricular beat produces less sound because the engorged ven- 
tricle accepts less blood each time. Cossio 10 also states that the presys- 
tolic murmur of mitral stenosis may be absent after long diastoles because 
of the inability of the auricle to inject blood into an overdistended ven- 
tricle. 

In more recent years attention has been centered on the normal auric- 
ular sounds. These have been recorded both from the precordium and 
from the esophagus. Cossio and Fongi 4 state that the auricular somul is 
formed by two groups of small oscillations, appearing a few hundredths 
of a second apart. With the receiver in the esophagus, the initial portion 
of the sound is more constant and predominates in the record, but when 
the auricular sound is recorded from the precordium, it is the second part 
of the sound that predominates. Wolferth and Margolies, 6 in a study of 
seven cases of heart block, noticed that the murmur produced by auric- 
ular contractions falling early in diastole was louder and more pro- 
longed than that produced by contractions late in diastole. They also con- 
cluded, as did Bramwell 9 in his study of mitral stenosis, that the auricu- 
lar murmur which they recorded was produced by the passage of blood 
from auricle to ventricle, rather than by the contraction of the auricular 
muscle itself. They based their conclusions on the time relation between 
the P wave in the electrocardiogram and the auricular murmur, and on 
the fact that the maximal auricular murmur occurred early in diastole, 
when the contraction would have the maximal effect on blood flow. 

The tracings from Case 1 show the relation between the P wave and 
the auricular murmur. This murmur occurred 0.14 second after the be- 
ginning of the P wave, while the first sound started from 0.02 to 0.04 
second after the beginning of the R wave. The degree of ventricular fill- 
ing played the decisive role in determining the intensity of the murmur 
produced by the auricular contraction. As this would be true regardless 
of whether the auricular murmur was caused by a slight degree of mitral 
stenosis or by an abnormally vigorous auricular contraction, it is not pos- 
sible to make an etiologic diagnosis from the tracings. The accentuated 
first sound with partial heart block and a ventricular rate of 80 beats 
per minute is, however, suggestive of mitral stenosis. During the dis- 
cussion of the cause of the accentuated first sound in certain cycles dur- 
ing complete block, additional evidence will be presented to show that the 
auricular murmur in Case 1 is produced only when blood enters the ven- 
tricles, and that it is not produced by contraction of the auricular muscle 
itself. 

First Heart Sound .— Textbooks of physiology and of physical diag- 
nosis usually state that there are two factors in the production of the 
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first heart sound: (1) the sudden closing of the mitral and Inempul 
valves; and (2) the contraction of the heart muscle. Dock, m 1933 on 
the basis of experiments on the exposed hearts of dogs, stated that thou*, 
is no muscular element in the first heart sound, and that ventricular con- 
traction produces no audible vibrations in either empty or full hearts it 
tensing of the auriculoventricular valves is prevented. He stated also 
that if the valves arc closed and the intraventricular pressure is about as 
high as the pressure within the auricle, ventricular contraction causes 
only a faint first sound; if the valves arc slack and displaced toward the 
ventricles by the rush of blood through them, ventricular contraction 
produces a loud first sound. The evidence obtained in our two cases lends 
support to Dock’s conclusions. 

In Case 1 the first heart sound was intensified whenever auricular elec- 
trical systole began from 0.1S second to 0.04 second before ventricular 
electrical systole. This accentuation of the first heart sound by the. auric- 
ular contraction has been described by many observers/”" 8 Some 
authors' 5, 12 have stated that a moderate increase in intensity occurs regu- 
larly in certain cases when ventricular electrical systole precedes auricu- 
lar electrical systole by a few hundredths of a second. Careful analysis 
of a large series of tracings obtained in Case 1 failed to reveal any ac- 
centuation of the first sound unless the P wave preceded the 11 wave. An 
explanation for this apparent discrepancy has been furnished by the 
work of Wolfcrth and Margolics 13 on the influence of varying P-1? in- 
tervals on split first heart sounds. In two cases of complete heart block 
the first portion of the split heart sound was not accentuated unless Ihe 
P-R interval exceeded 0.03 and 0.05 second, respectively. In Ihese cases, 
however, the second portion of the first heart, sound was accentuated 
when the P wave was buried in the QRS complex. Wolfcrth and Margo- 
lies believed that in these cases the contractions of the right and left ven- 
tricles were not perfectly synchronized. The auricular contraction, there- 
fore, could still influence the portion of the first sound developed from 
one side of the heart, although contraction of the opposite ventricle had 
already closed one set of valves and produced the first, portion of the 
first heart sound. 

There have been two principal explanations for the accentuation of 
the fh'st heart sound by the auricular contraction: (1) It is the result of 
the summation of the auricular and ventricular sound waves 14 ; (2) it is 
the result of a change in the position of the auriculoventricular valves at 
the beginning of ventricular contraction/- 11 The fact that, in Case 1, 
accentuation of the first sound persisted when the P-R interval was 
shortened after long periods of ventricular standstill, and after the auric- 
ular contractions had ceased to make any sound waves, indicates that 
the accentuated first sound was not the summation of the normal auricu- 
lar and ventricular sound waves. The best explanation of the accentua- 
tion of the first sound is that it results from an increase in hUra-auricular 
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pressure sufficiently great to produce slackening of the auriculoventricu- 
lar valves. The ventricular contraction causes sudden tightening of the 
previously slack valve structures and produces an intensified sound. The 
possibility exists that with a long P-R interval blood may flow backward, 
from ventricle to auricle, and produce a weak first sound because the 
ventricle contains less blood than normally. The fact that the auricular 
murmur disappears during the longer periods of ventricular standstill 
indicates that the ventricles are too full to accept more blood, which 
renders this explanation untenable. Likewise, accentuation of the first 
sound cannot result from an increase in the amount of blood in the ven- 
tricles brought about by the immediately preceding auricular contraction, 
because accentuation occurs with short P-R intervals even when the 
auricular contractions have ceased passing much blood into the ventricles. 

Accentuation of the first heart sound occurred when the auricular 
murmur (not the P wave) started from 0.07 second before the beginning 
of the first sound to 0.07 second after the beginning of the first sound. 
The fact that the first sound may be accentuated, even when the auricular 
murmur is prevented by the ventricular contraction, indicates that the 
auricular pressure has already risen before the auricular murmur is 
produced, and that the murmur does not result from the contraction of 
the auricular muscle itself. The time relation suggests that the rise in 
intra-auricular pressure with displacement of the auriculoventricular 
valves toward the ventricle is the important factor in the production of 
the accentuated first heart sound, and that little flow of blood from 
auricle to ventricle is necessary to produce accentuation of the first heart 
sound. This is corroborated by the fact that the first sound is accentuated 
when the P-R interval is short and the auricular contraction is no longer 
passing enough blood into the ventricle to produce a murmur. 

A second major factor modifying the intensity of the first heart sound 
is the ventricular rate. This is best shown in Pig. 2 D. The first portion 
of the tracing shows 2 to 1 block with a P-R interval of 0.2 second ; the 
second, normal rhythm with the same P-R interval. With the more rapid 
rate and a shorter time for ventricular filling, the first sound is much 
louder than with the slower rate. The louder first sound with the more 
rapid rate is the result of the shorter ventricular diastole rather than of 
a change in the auricular beat, since the P-R intervals are the same at 
both rates, and since in this particular subject studies during periods of 
complete block have shown that the auricular contraction has no effect on 
the first sound when the P-R interval is as long as 0.2 second. Likewise, 
after prolonged periods of ventricular standstill the first sound is uni- 
formly weak unless the auricular contraction immediately precedes it. 
even though, as indicated by the absence of the auricular murmur, the 
ventricle is still full of blood. The longer the period of ventricular 
diastole, the more time the auriculoventricular valves have to float back 
to a position of closure. Thus, when the ventricle contracts most of the 
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slack lias already been removed from the valves and a less intense 
sound is produced. If contraction of the ventricular muscle played an 
important part in the production of the first heart sound, the sound 
should be intensified in 2 to 1 block, for the longer diastole and the two 
auricular contractions allow the ventricle to fill more completely . 

Case 2 offered an opportunity to ascertain whether the auricular con- 
traction or the ventricular rate is the predominant factor in producing a 
first heart sound of normal intensity. Pressure on the carotid sinus pro- 


duced periods of cardiac standstill, some of which were terminated by 
beats with a normal P-R interval, others by beats with a prolonged 1 -R 
interval. Following periods of cardiac standstill lasting as long as f> 
seconds, the first sound of the initial beat was of normal intensity when 
the P-R interval was unchanged; it was uniformly greatly decreased in 
intensity when the P-R interval was prolonged beyond 0.18 second. Thus, 
in both of our eases, when the P-R interval was short enough to influence 


the character of the first sound, prolongation of ventricular diastole had 
little effect on the intensity of the first sound. In Case 1, when the P-R 
interval was sufficiently" long not to be influenced by the auricular con- 
traction, the first sound became progressively weaker as the duration of 
diastole increased. 

Wolferth and Margolies 0 have made the suggestion that the dural ion 
of the auriculoventricular interval within the normal range may be of 
importance in determining the character of the first heart sound. Keith, 1 -' 
in a study of rheumatic heart disease in children, found that the P-R 
interval could be predicted with a fair degree of accuracy from the in- 
tensity of the first heart sound. The observations in Case 2 indicate that 
under certain conditions an increase in the P-R interval may be recog- 


nized clinically if sufficient attention is paid to the intensity of the first 
heart sound. This point has proved to be of practical value in the diag- 
nosis of first degree heart block. 


SUMMARY AND CONCLUSIONS 

1. Two subjects, one with an auricular murmur and varying degrees 
of heart block, the other with attacks of partial heart block and cardiac 
standstill induced by pressure over the carotid sinus, were studied by- 
means of simultaneously" recorded electrocardiograms and phonocardio- 
grams. 

2. The auricular murmur recorded from the precord iuin was not the 
result of sound waves produced by the contraction of the auricular 
muscle itself. It was produced only when blood entered the ventricle. 

3. The intensity of the auricular murmur in a given case depends on 
the difference between the auricular and ventricular pressures at the 
time of the auricular contraction. Early in diastole this difference is 
marked and the murmur loud; in the latter portion of long diastolic 
pauses the difference is much less, and the murmur either faint or absent 
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4. The first heart sound in Case 1 was accentuated during periods of 
complete block when the P-R interval ranged between 0.18 and 0.04 sec- 
ond. Evidence is presented to show that this accentuation was the result 
of displacement of the auriculoventricular valves toward the ventricle 
by the auricular contraction. 

5. The first heart sound became progressively weaker, as ventricular 
diastole increased in duration, when the P-R interval was too long for 
the auricular contraction to affect the first sound. 

6. When the P-R interval was short enough for the auricular contrac- 
tion to affect the intensity of the first sound, the auricular contraction 
played the dominant role in determining the intensity, and lengthening 
of ventricular diastole had no effect. 

7. These observations support the conclusion that in normal hearts the 
position of the auriculoventricular valves at the beginning of ventricular 
contraction is the primary factor in determining the character of the 
first heart sound. 

8. Variation in the length of the P-R interval, within normal limits, 
may produce striking alterations in the intensity of the first heart sound. 

The authors wish to express their sincere appreciation to Dr. Soma Weiss for 
his many helpful suggestions and guidance in this work, and to Miss Sophia M. 
Simmons for technical assistance. 
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rHE EFFECT OF POSTURE ON THE FORM OF PRECORDIAL 
LEADS OF THE ELECTROCARDIOGRAM 

Harold J. Stewart, M.D., and Robert L. Bailey, M.D. 

New York, N. Y. 

P RECORDIAL electrocardiographic leads have come into general use 
since Wolferth and Wood 1 first employed them in the diagnosis of 
icute coronary occlusion. With the introduction of the new technique, 
t was to be expected that the use of many different precordial deriva- 
ions by different workers would lead to confusion. In order to clarify 
his situation, the American Heart Association has recently recoin - 
nended that precordial leads be standardized . 2 Although the optimum 
ocation of the exploring electrodes has been widely investigated, out 
>f which has grown a measure of standardization, very little considera- 
ion has been given to alterations that occur in precordial leads with 
iliange in the position of the patient. 

Numerous observations have been made of the changes occurring in 
lie three standard leads of the electrocardiogram when the patient as- 
;umes different positions, 2 '” especially with regard to the shift of the 
‘electrical axis” of the heart. Chest leads have been recorded, how- 
wer, in only a few of these investigations. Although Katz and Robi- 
iow 10 recorded electrocardiograms, including precordial leads, with 
:ubjects in eight different positions, they discussed only the changes 
vhich occurred in the three standard leads. Sigler 11 made chest leads 
vitli patients in the supine, sitting, and standing positions, but his 
iaper deals chiefly with the changes found in the three standard leads. 

The observations now being reported were made in an attempt to 
slarify the variations that might be expected in precordial leads when 
he posture of the subject is changed. 

METHODS 

Sixteen patients were studied. Four patients (Cases 1, 2, 3, and 4) exhibited 
lormal hearts; in Case 5 there was pneumothorax on the right side with displace- 
nent of the heart to the left; three patients (Cases 6, 7, and 8) suffered from 
■heumatic heart disease with mitral stenosis and insufficiency and predominant en- 
argement of the right ventricle, and four patients (Cases 9, 10, 11, and 12) from 
rheumatic lesions of both the aortic and the mitral valves but with enlargement 
sf the left ventricle predominating; in Case 13 there were emphysema and enlarge- 
ment of the right ventricle; one patient (Case 14) suffered from arteriosclerotic 
lie'art disease without cardiac enlargement; two patients (Cases 15 and 16) ex- 
nihited the syndrome of chronic constrictive pericarditis. In Cases 6, 7, 10, 11 14, 
and 15, chest leads were taken both before and after therapeutic doses of digitalis 
iiad been given, in order to observe the effect of this drug on the form of the 
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chest leads. In all, forty-one sets of chest leads were made. Two or more ob- 
servations were recorded on eight of the patients. On each of the remaining eight 
patients only one set of records was obtained. All observations were made with 
the patients in a basal metabolic state. 

In addition to the three standard leads, three precordial derivations were re- 
corded. The indifferent electrode was placed in the left interscapular region.i 
In one of the three chest leads the preeordial electrode was placed in the midsternal 
line at the level of the fourth intercostal space (Chest Lead A) ; in the second 
chest lead the electrode was placed halfway between the first point and the apex 
(Chest Lead B) ; in the third, the electrode was placed at the apex (Chest Lead 
C). The skin was marked, and care was exercised to apply the electrodes at the 
same areas when subsequent records were taken. Lead plates measuring 6 x 4.5 
cm. were used for electrodes. Each chest lead was taken with the patient in each 
of three positions, namely, supine, sitting up in bed at an angle of 90 degrees, 
and lying on the left side. All records were made with the right arm wire connected 
to the precordial electrode, and the left arm wire to the left interscapular electrode.! 
In order, however, to promote and facilitate uniformity in discussing chest leads, 
the films were printed so that the direction of the complexes corresponds to that 
in the leads recommended by the American Heart Association.'- 


Chest Leads 

ABC 
(Mid St. Line) Vi(WA St.Lineto/lpex) (Apex) 



Lying on 
Lt.Side 





Fig. 1.— In this figure, as well as in Figs. 2 and 3, reproductions of the s three 
chest leads (A, B, and C) are shown. Each of the leads was taken m eaca o 
three positions (supine, sitting, and lying on the left side, respectively) . in 
Lead A the exploring electrode was on the midsternal line at the level ol tne i 
intercostal space. In Chest Lead B the electrode was halfway between this point 
and the apex. In Chest Lead C the exploring electrode was at the apex All tracing, 
were taken with the right arm wire connected to the preeordial electrode, an 
left arm wire to the left interscapular electrode 1 . In order to promote and faciniai 
uniformity, however, the films were printed so that the direction of the cwmplexe, 
corresponds to that in the leads recommended by the American Heart Association . 
Divisions of the ordinates equal 10- 1 volt. Divisions of the abscissae eq 1 . ■ al 

second. The electrocardiograms in all figures are reduced to half °L g, b „.. e 
size. In this figure the chest leads of E. K. (Case 1), curr 4 ( j £ ( n 

reproduced. The records in this case serve to illustrate the change that occ 
the chest leads of a normal subject as his position was changed from supine . , io 
sitting, to lying on the left side. Decrease in the amplitude of the T waves 
the most constant change, but there was also a deciease in the amplitu 
R waves. The S waves showed no constant change. 
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OBSERVATIONS 

Tlie results are recorded in Table I. 

(1) Changes in subjects whose hearts were normal. — In these cases 
(Cases 1 to 4, inclusive), the most frequent change was a decrease in 
the amplitude of the T wave as the subject changed from the supine 
position to sitting, and from sitting to lying on the left side (Fig. 1). 
In Case 2 the T wave became diphasic in leads A and B when the sub- 
ject lay on the left side, although it had been upright in the other two 
positions. This also occurred in lead A of the first record (April 8, 
1935) taken in Case 1. The amplitude of the 11 wave decreased as the 
subject’s position changed from supine, to sitting, to lying on the left 
side. The R and T waves varied concordantly in most instances. There 
was a change in the amplitude of the S wave in most cases, but it was 
not constant. 


Chest Leads 

ABC 
(Mid St Line] ti(h\d St.Line toApe^ (Apex) 



.„ P ! g ’ 2 \~ Tn this figure the chest leads of F. S. (Case 6). taken April 13. 1935, 
are reproduced. The records in this case serve to illustrate the change that occurred 
m me chest leads of patients exhibiting right ventricular preponderance. There 
vas a decrease in the amplitude of tlie R waves and T waves as the patient’s position 
was changed from supine, to sitting, to lying on the left side. The S waves showed 
no constant change. 

(2) Changes in a subject with pneumothorax on the right side and 
displacement of the heart to the left. — In this patient (Case 5), the elec- 
trocardiogram showed no abnormal deviation of the electrical axis. Only 
slight changes were found in the chest leads taken in different positions. 
Ihe heart was probably relatively fixed in its position as well as dis- 
placed by the pneumothorax. 

(3) Changes in patients with rheumatic lesions of the mitral valve 
and preponderant enlargement of the right ventricle. — In these eases 
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Tablk 
Changes in the 


With Change 


CASE 

NO. 

NAME 

AGE 

SEX 

HOSPITAL 

NUMBER 

DATE 

AXIS 

DEVIA- 

TION 

01 

(CHE 

mu 

SUPINE 
R S T 

REST LEAD- 
ST ELECTRO] 
• STERNAL LI 

SITTING 

R S T 

-A 

>E ON 

NE) 

LYING ON- 
LEFT SIDE 
R S T 

1. 

E. K. 

24 

8 

7924 

4/ 8/35 

0* 

+t 

- 

+ 

+ -11 + 

+1 -t ±1 






4/ 9/35 

0 

+ 

- 

+ 

+ - n 

+1 - J- 






4/10/35 

0 

+ 

- 

+ 

+t -i +i 

+1 -t +1 

2, 

H. C. 

21 

8 

S5691 

2/15/35 

0 

+ 

- 

+ 

+t -i +i 

+1 -t ±1 

3. 

J. MacL. 


8 

107863 

10/ 2/35 

0 

+ 

- 

+ 

4*4, — 4* 

+t -i n 

4. 

J. G. 

KB 

8 

65699 

11/ 2/34 

0 

+ 

- 

4* 

+i -t n 

+t -i +t 

5. 

T. C. 

32 

8 

70382 

11/23/34 

0 

+ 

- 

+ 

4- ~~l 4* 

+t -i +t 






11/30/34 

0 

+ 

- 

+ 

4-| — 4> +l 

+i -i + 






1/12/35 

0 

4* 

— 

+ 

4*4- "4 4* 

4*4 “ 4-J. 

6. 

F. S. 

24 

8 

89187 

4/13/35 

R 

4* 

- 

+ 

+1 -t + 

+t -1 +i 






4/15/35 

R 

4* 


+ 

+t -1 + 

+i _ t +i 






4/16/35 

R 

+ 

— 

+ 

+ -t +t 

+t -t +i 






4/19/35 

R 

+ 


+ 

+1 -t +1 

+t -i +t 

7. 

A. G. 

23 

8 

79037 

11/12/34 

0 

+ 

- 

+ 

+4 - +t 

4- ~ 4* 






11/14/34 

0 

+ 

— 

+ 

ff -1 + 

+i -j, + 






11/16/34 

0 

+ 

- 


H ~t H 

+i - +i 






11/17/34 

0 

+ 

- 

+ 

+1 -1 +1 

+t - 






11/27/34 

0 

+ 


+ 

+t ~i +t 

+i - +i 






1/10/35 

0 

4 

— 

+ 

+i -i +i 

+i -t +i 






3/28/35 

0 

+ 

- 

4- 

+ -t +1 

+t -T +1 

S. 

F. M. 

32 

8 

66492 

11/ 1/34 

0 

4 

- 

- 

+t -1 +t 

+1 -t +1 

9. 

H. W. 

39 

8 

44299 

1/ 4/35 

L 

4- 

- 

+ 


4 -t H 

10. 

E. P. 

21 

8 

14505 

11/ 8/34 

L 

+ 

- 

+ 

+t -t +t 

+1 -t +1 






11/10/34 

L 

+ 


+ 

H - H 

+1 - +1 






11/13/34 

L 

+ 

- 

+ 

+ -t +1 

+ -1 + 






11/15/34 

L 

+ 

- 

+ 

+f -t +1 

•U -t + 

11. 

M. C. 

46 

$ 

67280 

12/10/34 

wm 

+ 

- 

+ 

+t -1 + 

4f -t + 






12/12/34 

mm 

4* 

_ 

+ 

H -1 +t 

4l -f +T 






12/13/34 

1 

4* 

— 

+ 

+ -f + 

4*4 “i ^ 






12/18/34 

mM 

4* 

- 

+ 

+ “i + 

41 n 


*0, no axis deviation; K, right; L, left. 

t + is a positive wave, - is a negative wave, ± and + are diphasic waves. n n0 

t t means wave becomes more positive, means wave becomes less positive, n ie 
arrow is used, the wave does not change in amplitude. 
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I 

Chest Lead 


IX POSTURE 


CHEST LEAR — B 
(CHEST ELECTRODE Vj WAY 
BETWEEN' midsternat, LINE 
AND ATEN) 

CHEST LEAR 
(CIIEST ELECTRODE 

— c 

AT APEX) 

COMMENTS 

SUPINE 
R S T 

SITTING 

i: s T 

LYING ON 
LEIT SIDE 

li S T 

SUI’INE 
R S T 

SITTING 

n R T 

LYING ON 
LEFT SIDE 

r. s t 

+ - + 

+4 -T +T 

+ -4 +4 

4- - i 

+ - +4 

+4 -4 +4 

On left side, Loud A, T becomes 







diphasic. 

T - + 

+ -t + 

-4 -4 +4 

4- - f 

+4 -4 

+4 -4 +4 

On left side T lowest amplitude. 

+ - + 

+t -t +t 

+ -4 +4 

_ «. f 

+4 -4 + 

+4 -1 4 j 

On left side T lowest. 

r - + 

+4 ~4 +4 

BBB 1 


+ -4 J 

+4 -4 J 4 

On left side, Leads A and 11, V lie- 



mm 




eonies diphasic. 

ma 

+4 -4 +4 

+4 -1 +1 


+4 - -1 

x 4 -4 *4 

Supine T highest. 

K 



. — + 1 


+4 -4 +4 

Supine T highest. 

+ - + 

+ 4 . + 

+4 -t + 

f - X 

M -4 -4 

+t - J -t 

Only slight change. 

+ - + 

+4 - +1 

+4 -4 + 

X - X 

X _ 

+4 -4 -* 

Sitting T lowest. 

+ - T 

+4- -4 + 

+4 - + 

i- - 4 

H - U 


Supine T highest. 

! - T 

+4 -t + 4 

+ ~4 4 4 

- - * 

n -4 ^ 

+4 -4 -*4 

Supine T highest. 

-f - X 

t 4 i t 

+4 -4 ±4 

X — 4 

i t -J -1 

+4 -4 ±4 

On left side RS-T segment olevicpil 







and T diphasic. Digitalis — 1.8 gin. 






i 

on l/M/;>f). 

f - + 

+ -4 +1 

+ - -4 

4_ X ; 

H - -1 

i+4 -4 *4 

Supine and on left side T diphasic. 

T “ i 

+4 -4 +4 

+4 -1 -it' 

4- — X , 

+4 -4 +4 

l+t -4 +4 

Sitting and on left side RS-T seg- 







meat elevated. 




x - X 

"t -4 -4 

+4 -4 +4 

Sitting T highest. 




r -*• 

+4 -T * 

+4 ~4 +4 

Onlv slight change. Digitalis — 1.(5 gm. 







on 11/13/:W. 




X - X 

| +4 "4 -4 

+4 - +4 

On left side 1’ lowest. 




X - 

1+4 -4 *4 

+ -4 +| 

On left side T lowest. 

+ ~ T 

+1 -4 +t 

+4 - -4 

+ - * 

M -4 M 

+4 - iJ 

Only slight change. 

t - T 

+4 -4 +4 

+4 -t i-4 

+ - + 

+4 -4 -4 

+4 -4 -*4 

Supine and sitting RS-T segment 







slightly elevated. 

- - + 

+4 -4 +4 

+ -4 +4 

+ - + 

+t _ t X 

+ +| 

RS-T segment slightly elevated 







throughout. 




+ - - 


+ -1 -4 

T negative or low throughout. 

r - l 

x 4 -4 +4 

H -t 4-4 ; 

+ - + 

+ -4 +4 

+4 “1 +4 

Supine T highest. 




X ~ X 

+4 -4 +4 

+4 -4 +4 

On left side T lowest. 




+ - + 

+4 -4 +4 

+4 - 4 +4 

On left side T lowest. Digitalis — 1.8 







gm. on 1 l/9/.'U. 




X _ 4 

+ -4 +4 

+ 4 . -4 + 

Sitting T lowest. Digitalis — 0.2 gm. 







per day. 




+ - 4 : 

+4 -4 +4 

+4 -4 +4 

On left side T lowest. Digitalis — 0.2 

- 






gin. per day. 

+ - t* 

+ -4 +4 

+4 -4 +4 

+ - + 

+ -4 +4 

+4-4+4 

On left side T lowest. 

T ~ + 

+4 -4 +4 

+4 + 

4 ~~ + 

+J, ”1 +4 

+4 -4 i 

T low throughout. Digitalis — 1.8 gm. 







on 12/11/34. 

X _ . 

- -t ■ 

+t - + 

+ - + 

+4 - +1 

+ +4 

T low throughout. 


* ~l * 

+4 -4 +4 

T ~ 4 

+ ~l> + 

+4—1 + J 

On left side T lowest. 
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Table 


CASE 

NO. 

NAME , 

AGE 

i 

SEX 

HOSPITAL 

NUMBER 

PATE 

AXIS 1 
PE VIA - 
TION 

Cl 

(CHES 

MIL 

SUPINE 

R S T 1 

JUST leap— 
3T ELECTKOD 

sternal le 

SITTING 

R S T 

•A 

E ON 
s-E) 

lying ox 
left SIDI 
R S T 

12. 

J. McC. 

wm 

3 

79052 

11/ 3/34 

L 

+ 

- 

+ 

+1 ~t 

+1 

t — r 

13. 

S. L. 

44 

■ — - -1 

3 

74633 

11/26/34 

E 

+ 

- 

- 

+t -i 

-I 

H -t -j 

14. 

C. McA. 

6S 

3 

14258 

1/35/35 

o 

+ 

— 

+ 

-t 

+t 

+1 -t +| 






1/17/35 

0 

+ 

~ 

- ' 

n -i 


+t -i -i 






3/39/35 

0 

+ 

- 

- j 

+t -i 

-l 

+t -i +t 

15. 

W. M. 

36 

3 

103699 

9/10/35 

E 

+ 

— 

+ 









9/17/35 

E 

+ 

- 




+t ~f *■ 






9/21/35 

E 

+ 


+ 

+i i 

tl 

+ - ±i 




1 


9/26/35 

E 

+ 

- 


+ - 

+ 

+1 -f i 






9/30/35 

E 

+ 

- 

- 


- 

+t -t - 

16‘. 

I. F. 

13 

3 

S2012 

32/11/34 

L 





(Cases 6 to 8, inclusive) alterations similar to those seen in subjects 
whose hearts were normal occurred (Fig. 2). In most instances a de- 
crease in the amplitude of the R and T waves took place as the subject’s 
position was changed from supine, to sitting, to lying on the left side. 
In several instances an upright T wave became diphasic. In Case 6 the 
RS-T segment twice became elevated (second and fourth records, April 
15, 1935 and April 19, 1935) when the subject lay on the left side. 

(4) Changes in patients with rheumatic lesions of both the mitral 
and the aortic valves and predominant enlargement of the left ven- 
tricle. — In these cases (Cases 9 to 12, inclusive) the variations in ampli- 
tude of the R and T waves were similar to those seen in subjects with 
normal hearts, but more marked (Fig. 3). The S wave, however, in 
these cases of left ventricular preponderance, showed a definite tend- 
ency to decrease in amplitude with change in position from supine, to 
sitting, to lying on the left side. In Case 11 the second record (Decem- 
ber 12, 1934) showed diphasic T waves in leads A and B with the 
patient in the supine position which became upright when he sat up or 
lay on the left side. 

(5) Changes in a patient exhibiting emphysema and enlargement of 
the right ventricle. — In this patient (Case 13) tire T waves were nega- 
tive; the changes in the amplitude of the R and T waves were similar, 
however, to those which occurred in patients with rheumatic heart 
disease and right ventricular preponderance. 
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I— Cont’p 


CHEST LEAD — B 
(CHEST ELECTRODE 3 A WAY 

between midsternai, LINE 

AND APEX) 

CHEST LEAD 
(CHEST ELECTRODE 

— c 

AT APEX) 

COMMENTS 

SUPINE 
F. S T 

SITTING 

R S T 

LYING ON 
LEFT SIDE! 
K S T 

StTPIKK 

K S T 

_ 

SITTING 

li S T 

LYING ON 

LEFT SIDE 

It S T 





ESD 


+1 -t +1 

Supine T highest. 

+ 

+t - -l 

+4 ~ -T 

§Hg 

+t -1 ~l 

+i -t -f 

Sitting T lowest. 

•r - + 
+ 

+ 

+4- ~ *$* 
+t -t -■! 

+ - 1 "1 

+ -t + 

+t -r + r 

+r -t +t 

+ - + 

+ - - 

+ - - 

+4 ~ + 
+t -l "I 

F -i -i 

+ -t +| 
+f "t +t 

B -I +T 

Only slight, cluingc. 

On left side T negative or diplmsie. 

Digitalis — 1.7 gin. on 1/1G/35. 

On left side T negative or diphasic. 
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Tn Leads B and C, T diphasic. 

On left, side: Lead A, T becomes 
diphasic; Leads B and C, T be- 
comes negative. 

On left, side: Lead A, T becomes 
diphasic; Leads B and C, T be- 
comes negative. 

Onlv slight change. Digitalis — 1.8 gm. 
oil tl/28/35. 




+ - ± 

n -t i 

EBB 

On left side HS-T segment becomes 
slightly elevated. 


(6) Changes in a patient suffering from arteriosclerotic heart disease 
without cardiac enlargement. — In Case 14 the T waves were negative or 
diphasic in the second and third records (January 17. 1935 and Janu- 
ary 19, 3935). They were inclined to be most negative with the patient 
in the sitting position, and, in leads B and C. became diphasic instead 
of negative when the subject lay on the left side. 

(7) Changes in patients suffering from chronic constrictive peri- 
carditis. — These patients (Cases 15 and 16) showed only slight varia- 
tions in the amplitude of the R, S. and T waves with change in posture. 
This may be attributed to the relative fixation of the heart which was 
shown to occur in such cases by Stewart and his associates, 6 7 8 * 1 - 1 13 as well 
as by Cushing and Fed. 11 In Case 15, however, the T waves changed 
from positive to diphasic in lead A, and from diphasic to negative in 
leads B and C. 

(8) Observations relating to digitalis. — In six patients (Cases (i, 7, 

10, 11, 14, and 15), chest leads were taken both before and after thera- 
peutic doses of digitalis had been given. Those taken after the adminis- 
tration of the drug showed the changes described by Stewart and 
Watson, 1 ' 1 but the variation in the amplitude of the R, S, and T waves 

111 response to change in posture showed no deviation from the trend 

seen in the chest leads taken befoi'e the drug was given. 
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COMMENTS 

Our observations show that the form of the chest lead varies with 
change in posture both in normal subjects and patients with heart dis- 
ease, regardless of the size of the heart or the deviation of the electrical 
axis. The changes were less marked in cases of chronic constrictive 
pericarditis, in which the position of the heart was relatively fixed. The 
general trend was toward progressive decrease in the amplitude of the 
R and T waves as the subject’s position was changed from supine, to 
sitting, to lying on the left side. The T waves, in some cases, became 
diphasic instead of positive, and negative instead of diphasic (Fig. 4). 

Although the variation in amplitude of the waves of the chest leads 
followed certain trends, as has been pointed out, neither the amplitude 
nor the direction of the change could be predicted with any certainty 
in individual cases. Moreover, patients often showed different varia- 
tions on subsequent days. 

Chest Leads 

ABC 



Fig-. 3. — In this figure the chest leads of H. W. (Case 9), taken Jan. 4, 1935, are 
reproduced. The records in this case serve to illustrate the change that occurred in 
the chest leads of patients exhibiting left ventricular preponderance. There was a 
decrease in the amplitude of the R waves and T waves, and a decrease in the 
amplitude of the S waves, as the patient’s position was changed from supine, to sitting, 
to lying on the left side. The change in these cases was more marked than in 
patients with normal hearts. 

Fig. 5 shows the magnitude, frequency, and direction of change in 
amplitude of the waves of chest leads taken in different positions. A 
comparison of chest leads taken with the patient in the supine and 
sitting positions (upper three figures) showed that there was a tend- 
ency for the I? and T waves to be lower in the leads taken in the sit- 
ting position. The S wave, however, followed no trend. A compari- 
son of chest leads taken with the patient in the supine position and 
lying on the left side (middle three figures) showed a more marked 
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tendency for llio 1\ ami T waves to be of lower amplitude m the leads 
taken with the patient lying on the left side. The S wave a so 
showed a tendeney to deerease in amplitude when the patient s position 
was changed from supine to lying on the left side. A comparison or 
ehest leads taken with the patient in the sitting position and lying on 
the left side (lower three figures) showed a mi in the tendeney ol the 
K. S. and T waves to deerease in amplitude as the patient s position 
was dimmed from sitting to lviiijr on the left side. All of these elmntres 
wore slightly more marked in Chest Lead C than they were in ( host 
Leads A and B. 

Chest Leads 


B C 

^(ffidStLinotoApex) (Apex) 

H.C.W3S ' F.S.M/5/35- , 

85691 RYH. ■ 89187 MAR, 



Supine t - • v 



* I i 

r • j 


i 


Lying on 
Lt.Sido 





J’ltt. I. — In FIs. ill. Cln-st I/ml 11. of II. <\ ( C.-im- -j), mla-n 1't-li 1*.. j'iV. mill 
In FIk. I C. Cln-.it ly-ad «\ of K. S'. (C.-im- i;j. talo n April 1.'.. an- t< pr.nlin 

I no record* In those nifi-s n-i vc to llln-drati- tin- ehamp- In the form of tin- T wm.- 
and H8-T .ii-K’ini-nts that oei-uned In f»nu- Int-tam-ei (Com-i 1 , r. 11 , t;., mai 1 C 1 , 
•hi! T Wave may become diphasle Instead of positive. or tin- HS-T niaiinil mav 
become elevated, as the patient'* position li clmnstcil from Miplm-. t>i idtthu: to 
lyinir on the left side. 


In certain instanees snflieient change oeenrred in the form of the 
ehest lead with change in the posture of the subject to confuse or alter 
tlie interpretation of the elect roeardiogram. This was observed most 
frequently when the exploring electrode was placed at the apex (Chest 
Lead (.’). In the interpretation of prceordiul leads, the posture of the 
patient must be taken into account. 

SUM MAI1Y 

1. Cbest leads Mere taken with subjects in three positions; supine, 
sitting, and lying on the left side. 
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2. Three preeordial leads were used. In one, the exploring electrode 
was placed in the midsternal line at the level of the fourth Intercostal 
space (Chest Lead A) ; in the second, halfway between this point and 
the apex (Chest Lead B) ; and in the third, at the apex (Chest Lead C). 
In each case, the indifferent electrode was in the interscapular region. 




Supine foSitting 

| O' one observation 
0 Chest Lead A 
O. Chest Lead B 
I ©•Chest Lead C 





waves 


io -n ■"««. *2 0 




. i 


Sitting to Lying on Left Side 

I 




Fig. 5. — Variations in the amplitude of the R, S, and T waves of Chest Leads A, 
B, and C are presented in this figure as frequency diagrams. Each of the three 
positions (supine, sitting, and lying on the left side) is compared with each of the 
other two positions. The upper three figures show the variations in amplitude of 
the R, S, and T waves of the chest lead when the patient’s position was changed 
from supine to sitting ; the middle three figures illustrate the variations that occurred 
when the position was changed from supine to lying on the left side ; and the 
lower three figures show the changes which occurred when the position was changed 
from sitting to lying on the left side. The solid portions of each figure are the 
changes that occurred in Chest Lead A, the clear portions are the changes that 
occurred in Chest Lead B, and the shaded portions those that occurred in Chest 
Lead C. Each square represents a comparison of the same wave of corresponding 
chest leads taken with the patient in different positions. The change in amplitude 
in millimeters is plotted along the abscissae, the frequency of the change, along 
the ordinates. 
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3. Forty-one observations were made on sixteen patients. The jU'oup 
included normal subjects and patients with heart disease. Among the 
latter were patients with right, and others with left, ventricular pre- 
ponderance. In three patients the position of the heart was relati\el\ 
fixed. 

4. The variations in the form of the chest lead with change in the 
patient 's posture are described. They consisted chiefly oi a decrease in 
the amplitude of the R and T waves, which varied concordantly. and. 
in many eases, a decrease in the amplitude of the S waves, as the sub- 
ject’s posture was changed from supine, to sitting, to lying on the lelt 
side. In several cases positive T waves became diphasic and diphasic 
T waves became negative. 

5. Although these changes occurred in each of the three chest leads, 
they were most marked in Chest Lead C (electrode at apex). 

6. The changes cannot be predicted with any certainty in individual 
eases. 

7. The importance of considering the patient's position when taking 
chest leads, and of taking them in the same position each time in order 
to make them comparable, is pointed out. 
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INFRARED PHOTOGRAPHIC DEMONSTRATION OF THE 
SUPERFICIAL VENOUS PATTERN IN CONGENITAL 
HEART DISEASE WITH CYANOSIS* 

Bernard S. Epstein, M.D. 

Brooklyn, N. Y. 

INFRARED photographic demonstration of the superficial veins al- 
ready has acquired definite diagnostic value. The numerous promi- 
nent veins visualized in infrared photographs of patients with increased 
intra-abdominal pressure due to large tumors, ascites, or advanced preg- 
nancy present an appearance different from the normal superficial 
venous pattern, which is usually composed of a few narrow, scattered 
veins. In cirrhosis of the liver the superficial venous pattern becomes 
more complex and prominent because of portal hypertension. This oc- 
curs in the absence of ascites, also, and is considered a satisfactory con- 
firmatory sign . 1 

PROCEDURE 

All three patients reported here have congenital heart disease with cyanosis, 
clinically diagnosed as Fallot’s tetralogy. Infrared photographic studies were 
made to determine whether any abnormalities of the superficial venous system could 
be demonstrated in this type of heart disease. Control photographs of each patient 
were made with panchromatic film. In addition, studies of normal individuals 
and of patients with compensated and decompensated rheumatic and nonrheumatic 
heart disease were made. One patient with cor pulmonale secondary to bronchiectasis 
was studied in a similar manner. 

The infrared photographs were taken with a film-pack camera, using 6.5 x 9 cm., 
Eastman, infrared-sensitized plates. The lens was stopped down to fill after 
the image had been focused on the ground-glass screen. A red filter was then 
placed in front of the lens. Illumination was secured from four “photoflood” 
bulbs (500 watts each), set in aluminum reflectors and placed about 5 feet from 
the patient at 45-degree angles. An exposure of from 1/30 to % second was found 
adequate, depending on the lens aperture. The plates were developed in x-ray 
processing solutions in total darkness, according to the manufacturer’s directions. 
Projection prints were made on No. 4 glossy paper. 


CASE REPORTS 


Case 1. — J. B., a 7-year-old hoy, complained of dyspnea on slight exertion. He 
had been a normal infant, and was apparently in good health until the age of 
3 months. At that time cyanosis of the lips became evident, and progressed until 
he had a generalized dusky hue, most marked over his face. His growth had been 
normal. Within the preceding year there had been a rapid, progressive decrease 
of exercise tolerance. He was in a fair state of nutrition and of average men- 
tality. 

His heart rhythm was normal. A loud, blowing systolic murmur was heard 
over his entire precordium. His neck veins were not distended. Advanced clubbing 
of the fingers and toes, with cyanosis of the nail beds, was present. 


•From the Department of Radiology, Service of M. G. Wascli, M.D- Ibe Jcrvlsb 
Hospital of Brooklyn and the Jewish Sanitarium and Hospital for Chronic Diseases. 
Brooklyn, N. Y. 

Received for publication Feb. 17, 1939. 
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Roentgenologic examination of Ins chest revealed n sabot-sluped hi i It 
,vl,™ ttltnmri «i.l. «"■ !«”" 

into thp right nnlt'rior oblique position. I’be itilnr vnrt'Hlnr r no oos ■■ ' 

An fleet tocurtlionrnni eltoncl ttntrM right uni, .levin. loti. «.«. ' 

„,„i„ ventriettl.tr fomplesf.. in l.etol 11. The „...ie„l„vent,.e,.lnr eontlnf.tt.n 

was 0.22 second. 

. }:■ 



C. 

Fig. 1. — A, routine photograph on panchromatic Him. I! 
showing- prominence am! complexity of the Huporndal veins, 
showing riglit axis deviation. I), tdeoroentgcnognmi. 


J). 


Infrared photograph, 
(', electrocardiogram. 


A photograph on panclironml ic. lilm showed a trace of a vein over Ids chest, 
which was seen better on direct inspection. An infrared photograph revealed re- 
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markable prominence and toituosity of the entile supeilicial venous network. Ui- 
,ect inspection of the patient gave no hint as to the extent or enormous complexity 
of his superficial veins. 

Case 2. H. S., a 22-year old girl who was known to ha\e had heart disease 
since birth, was hospitalized because of weakness and dyspnea. Until the age 
of 1G she had been able to indulge in moderately strenuous exercise. At that time 
she developed migiatoiy arthritis, and her activities were cui tailed. Dyspnea on 
exertion appealed soon theieaftei, and she had been confined to a bed or chair 
ever since. Seveial attacks of congestive lieait failure, with enlargement and 
tenderness of the livei, weie relieved by diuietics and digitalis. On several occa- 
sions she had had hemoptysis with chest pain, suggesting pulmonary embolism. 

A. b . 



C. 


D. 


Pig. 2— A, loutine photograph on panchromatic film. B, >"f rarcd photogr *M>h. 
-showing prominent superficial veins. C, teleoi oentgenogi am D, electiocaidioMain. 
showing right axis deviation. 

She was rather small and pooily nourished, but normally developed. Hei menial 
abilities and interests were average. Intense cyanosis of the bps and ciicumoral 
tissues was present. The remainder of tire body had a duski tinge. Maiked 
clubbing of the fingers and toes was present. Hei heart rlntlini was normal. A 
loud, blowing systolic murmur, most intense over the pulmonic area and to the 
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INFRAHED PHOTOGRAPHY IN HEART DISEASE 

left of tlie sternum, was present. Her neck veins were not distended. Her blood 
pressure was 110/70. She liad polycythemia, with 7.5 million erythrocytes am 

a hemoglobin of 120 per cent. . 

Roentgenologic examination of her chest revealed a sabot -shaped heart, t tie 
contour of which was best seen with the patient rotated slightly into the right 
•interior oblique position. Her electrocardiogram showed marked right axis devia- 
tion, with high r waves in Leads I and 11. The main ventricular complex in Lend 
II was inverted. The T waves in Lead 1 were high and were inverted in Lead Hi. 

She was believed to have rheumatic heart disease superimposed on the congenital 
cardiac malformation. 



C. 

Fig. 3.— A, routine photograph on panchromatic film. It, Infrared photograph, 
showing prominent superficial veins. C, teleorocntgcnogram. 


A routine photograph did not show the few veins visible over the breasts. An 
infrared photograph, however, showed a marked increase in the number and size 
of the veins over the entire area photographed. This was not as pronounced as 
in the first patient, possibly because of the difference in the thickness of the super- 
ficial tissues of a 22-year-old woman and a 7-vear-old boy. 

Case 3.— H. Z., 19 years of age, had been dyspneie on slight exertion since the 
ago of 12. Cyanosis of the lips and fingers was first seen when he was G months 
old. Clubbing of the fingers and toes appeared at the age of 3 years. The patient 
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could not walk until he was 6 years old because of weakness. After that time he 
could indulge in moderate exercise. Since the age of 11, following a fall caused 
by dizziness, he had been confined to bed or a chair. Edema of the ankles was 
noted when he was 12 years old. 

The patient was frail and appeared young for his age. His mentality was con- 
sidered above average. Cyanosis of the oial and circumoral tissues was marked, 
and the remainder of his body had a dusky appeal ance. A systolic murmur was 
audible over the entile precordium, loudest at the pulmonic aiea. His neck veins 

A. B. 



C. 

Fig. 4. — A, Kiri. 12 years old. with no evidence of oi garde heart disease. Infrared 
photograph shows no dilated superficial veins. B, boy, 10 'infrared 

fever and mitral insufficiency. There were no evidences of congestive f 'l °'. itli act ive 
photographs show no dilated superficial veins. C, boy, 11 y ea s old . with 
rheumatic fever and no evidences of cardiac involvement. Infrared photograph . 
no dilated superficial veins. 



EPSTEIN : 


INFRARED PHOTOGRAPHY IN HEART DISEASE 


mi 


were not unduly prominent. The blood pressure was 100/70. His liver and spleen 
were not palpable. Inspection of liis eye grounds showed marked distention ol 
the retinal veins. A polycythemia of S.2 million erythrocytes, with a hemoglobin 
of 125 per cent, was present. 

Radiographic examination of the chest and electrocardiographic study revealed 
abnormalities very similar to those in Cases 1 and 2. 



A. 7>\ 


,, F W‘ — A man, 65 years old, with hypertensive and arteriosclerotic heart disease, 
iso clinical evidences ot heart failure were present when this fllm was taken. Plioto- 
graph on panchromatic film. II, infrared photograph shows no evidences of dilated 
superficial veins. 



and aortic insufficiency. ' Had had' s^wraY^ttarko^ stenosis and insufficiency 

failure when this photograph was taken n i 0f i c ° n £estive failure, and was in' 
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A routine photograph of the chest did not show the single, visible, dilated vein 
which was present. An inflated pliotogiapli, howevei, levealed a marked increase 
in the number and size of the veins over the aiea photogiaphed. 



C. D. 

Fig. 7. — A, 40-yeai -old man with mitial stenosis and insufficiency ana aortic in- 
sufficiency. He was ambulatory, classified as II B. Infraied photograph shows a few 
dilated veins over the arms. B, 64-year-old man with bi oncliiectasis for many years ; 
clinical diagnosis was cor pulmonale, with right-sided heart failure His liver was 
enlarged, ankle edema was present, and he was cyanotic. Electrocardiogram showed 
auricular fibrillation and right axis deviation. Infrared photograph show's some dilated 
veins over both shoulders and the left arm, but the dilatation is not marked. C, GG- 
year-old woman just recovering' from a coronary seizure. Photograph taken day after 
patient had been removed from an oxygen tent. Patient still cyanotic. Electro- 
cardiogram showed left bundle branch block. Infraied photograph, showing veins 
over the breasts which can also be seen on inspection. No dilated superficial veins 
are seen over the thorax. V, a 16-year-old girl with active rheumatic fever, mitral 
stenosis and insufficiency, and aortic insufficiency, in congestive failure. A minimal 
number of small veins visible over the upper thorax and shoulders. Infrared photo- 
graph. 
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COMMENT 

Each of the three patients mentioned above had congenital heart, dis- 
ease of the Fallot’s tetralogy variety. No evidences of congestive heart 
failure or increased venous pressure were present when Ihe photographs 
were taken. Examination of the eve grounds of one patient showed 
marked distention of the retinal veins. 

Infrared photographs visualized prominent and tortuous superficial 
veins in each patient. The extent ot this abnormality had not been 
anticipated nor suspected before the infrared photographs were made. 

Control studies on several normal subjects, and patients with rheu- 
matic and hypertensive heart disease, both with and without congestive 
failure, did not show similar superficial venous abnormalities. It is 
interesting to note that the patients with decompensated organic heart 
disease and the patient with cor pulmonale showed an increase, of mod- 
erate degree in the number and size of the veins over the shoulders and 
arms. This may lie a reflection of the increased pressure in the right 
auricle. 

While 2 states that cyanosis in “maladie bleu” is dependent on three 
factors: (a) the shunt of the venous blood into the systemic circulation, 
(b) dilatation of the skin and superficial mucous membrane capillaries, 
with peripheral slowing of flic blood stream, and (e) insufficient oxy- 
genation of the blood in the lungs. 

The present study indicates the possibility of a fourth cause, which 
may be only an extension of the second reason for cyanosis advanced 
by White. This, as suggested by the infrared photographs, is a con- 
genital abnormality of the superficial venous tree which may he related 
to the cardiac malformation. 

Prominence oi the superficial veins in patients with abdominal tumors 
is believed to he due to increased intra-abdominal pressure, and simi- 
lar patterns in patients with cirrhosis of the liver are believed to lie 
secondary to portal hypertension, with development of a collateral cir- 
culation. It is important to note that no clinical evidences of increased 
venous pressure were present in the patients reported here, and despite 
this fact the number and size ot the veins were greatly increased. 

SUMMARY 

A marked increase in the number and size of the superficial veins was 
demonstrated by means of infrared photography in three patients who 
had congenital heart disease with cyanosis. 
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PLETHYSMOGRAPHIC STUDIES OP PERIPHERAL BLOOD 

PLOW IN MAN 

III. Effect of Smoking Upon the Vascular Beds in the Hand, 

Forearm and Foot* 

David I. Abramson, M.D.,t Cincinnati, Ohio, and 
Herman Zazeela, M.D., and B. S. Oppenheimer, M.D., 

New York, N. Y. 

' | ’HE role of tobacco smoking in the production of organic changes 
in the cardiovascular system has been the subject of extensive labo- 
ratory and clinical research, but, as pointed out by Thienes and Butt , 1 
most of the early work cannot be properly evaluated because of the lack 
of adequate controls. Nevertheless, it has been fairly well established 
that smoking does cause peripheral vasoconstriction, as indicated both 
by lowering of skin temperature 2 ' 5 and by plethysmograpliic measure- 
ments showing diminished blood flow. 0, 7 Unfortunately, since the tem- 
perature of the skin depends for the most part upon the rate of blood 
flow through the superficial vessels, and since the above-mentioned 
plethysmographic studies were performed upon the hand, in which 
there are many cutaneous blood vessels cajiable of responding to stimuli, 
very little information can be derived from such work as to the effect 
of smoking upon the arteries and arterioles in the muscles. In view of 
the involvement of the latter vessels in thromboangiitis obliterans and 
other vascular disorders of the extremities, it was thought worthwhile 
to re-investigate this subject by making plethysmographic studies of the 
forearm, which consists principally of muscle. 

METHOD 

Nine normal subjects and thirteen patients} with various types and degrees of 
peripheral vascular disease were studied. Most of the subjects were tested re- 
peatedly. "With the exception of three nonsmokers (IT. M., J. M., and M. M.), 
all were habitual smokers who had abstained for at least two hours before tire 
test. Plethysmographic studies were generally made on two extremities simul- 
taneously; the method employed was essentially the same as that described in 
previous reports. s> 9 In the case of the upper extremity, only the upper portion of the 
forearm was enclosed in the plethysmograpli ; the wrist and hand were immersed 
in water in an outer chamber. The temperature of the room was maintained be- 
tween 25 and 27° C. (unless otherwise indicated), and the temperature of the 
water in the plethysmographs (to be designated hereafter as bath temperature) 

‘From the Medical Service, Mount Sinai Hospital, New York City, and the May 
Institute for Medical Research of the Jewish Hospital, Cincinnati, Ohio. 

fWork done in part during the tenure of the Richard and Ella Hunt Sutro Fellow- 
ship. 
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tA number of the patients were obtained from the Peripheral Vascular Clinic of 
the Mount Sinai Hospital. 
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was either 32° or 45° C. If reflex vasodilatation in one of the extremities m ie 
pletliysmograplis was desired, the bath temperature in the other plethysmograph was 
raised to 45° C, a third extremity was generally immersed in water at the same 
temperature, and the subject was covered with blanhets. Blood flow measurements 
were made only after reflex vasodilatation, as indicated by generalized sweating, 
had been present for at least fifteen minutes. 

Ten to fourteen control blood flow measurements were obtained by applying 
a venous occlusion pressure to the limb, proximal to its insertion into the plethysmo- 
graph, and recording upon a kymograph the rate of increase in extremity volume. 
The subject was then permitted to smoke one or two cigarettes of a common brand ; 
during this time (generally about six to eight minutes) and for the following 
half hour, blood flow measurements were made at short intervals. In the case 
of the forearm, a blood pressure cuff was also applied to the wrist, as advocated 
by Grant and Pearson, m and a pressure of 200 mm. Hg was applied just before, 
and maintained during, the blood flow determination; in a number of instances, 
however, this cuff was left deflated for some of the records. The reason for these 
steps will be discussed below. During tlie period of smoking blood flow deter- 
minations were generally obtained at least one minute after cigarette puffs, in 
order to minimize the vasoconstrictor effect of tlie associated deep breath. 


RESULTS 


1. Effect of Smoking Upon Blood Flow in the Hand . — At a bath tem- 
perature of 32° C. (Table I, Fig. 1), all thirteen trials in normal sub- 
jects showed definite or slight reductions in blood flow either during or 
immediately following the period of smoking. Among the patients suf- 
fering from peripheral vascular disease (as detailed in the tables), six 
trials demonstrated a significant, and five a slight, decrease. In three 
of the latter the flow was small before smoking. In three others 


no response was elicited, and, similarly, in two of these the initial 
flow was small. In the remaining two patients in tlie abnormal group 
(F. M. and 0. C.), both of whom had hypertension, there was an in- 
crease in blood flow. In the reflexly vasodilated hand (Table II, Fig. 2), 
smoking produced a decrease in five trials on normal subjects and no 
effect in another. In the abnormal group there were a decrease in two 
and a slight increase in one,- in the latter the flow before smoking was 
small. At a bath temperature of 45° C. (Table III, Fig. 3), in the 
normal group there were a decrease in three, no effect intwo/and an 
increase in another. In tlie abnormal group there were a decrease in 
two trials and no significant effect in one. 

2. Effect of Smoking Upon Blood Flow in the Forearm and Hand 
Together .— In this group, the blood pressure cuff at the wrist was not 
inflated before making the blood flow measurement. Under these cir- 
cumstances, as pointed out by Grant and Pearson, 10 the swelling of the 
forearm produced by the application of the venous occlusion pressure 
is influenced not only by the rate of arterial flow into the part of the 

- iU plethysraogra P }1 ’ bllt als ° by venous return 
iom the hand; obviously, then, changes in the caliber of the vessels in 

the hand will indirectly affect the rate of increase of the forearm volume 
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a j-e.suJt, blood How measurements thus obtained reflect, to some 
extent, a combined response of the blood vessels in the hand and fore- 
arm. At a bath temperature of 32° C. (Table I, Fig. 1), in the normal 
group there were a decrease in eight instances, an increase in one, and 
no effect in three. In two of the latter there was initially a small blood 
flow. In the abnormal group, there were a definite decrease in flow in 
two instances, a slight decrease in two, and an increase in two others. 
The two trials in which an increase in flow was obtained were performed 
upon a patient with hypertension. In the rcflexly vasodilated extremity 
(Table II, Fig. 2), with normal subjects there were a decrease in flow 



tfm'pcratvirc^*or' < 32” , ^ct m a',* 1 cioo(i 0 fiow 0 ?n hand l ?vo] U )'°w beds „ at a *>atJi 

during, 5.S c.c. : after V 1 V c B tA < l 66 '• bef ore. 13.0 c.c. ; 2, 

bund; I, before. 10.1 c.c.” 2 dtirlnir B 5 T o°- » (vo! ' > together with 

orm alone; 1 , before. 3.9 'ac. • 2 during iiVo g > Blood flow in fore- 

obtained in a normal subject (HC.) at one sfttlnir ’ n niof^ n c ' c * an< * ^ were 

Ing portion of leg (vol. 1250 ac.l : j before flo A i, n foot and adjoln- 
e.c. 7) obtained in a normal "mbfoet (1 s t * * f, flaring, 0.3 c.c.; after, 5.0 

Per 100 c.c. of limb vol. Tinic in second! ' CnVib^Uonl mTII "c.c^ °° d fl °"’ Pel ’ mln ' 


™ 'T " ,sl “"“ s ' 110 ™ <>"«. »»d an mew in two others. In 

" a niormal irroup there was a decrease in both eases. At a bath tern, 
endure „t 45" C. (Table III, Ffc .3), i„ „,e normal gr „ up there l“e 
a shghf increase m two cases and a slight decrease in two others. 
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3. Effect of Smoking Upon Blood Floxo in the Forearm Alone.— In 
this group, by means of the blood pressure cuff, a pressure of 200 nun. 
Hg was applied to the wrist before, and maintained during, the actual 
period of blood flow measurement. This permitted alterations in blood 
flow to be attributed to vasomotor changes in the forearm alone, for it 
is apparent that venous drainage from the hand could not take place 
under these circumstances. At a bath temperature of 32° C. (Table 1, 
Fig. 1), in every instance (twelve trials) there was either no effect upon 





Fig-. 2. — Effect of smoking upon blood flow (subject L.S. ) in various blood vessel 
beds at 
reflexly 

with" ha nd if'betoreT 12. *6 c.c.“; s/duringTliTs c.c.'; 1 , after. 12.6 c.c. G, Blood flow in 
forearm alone: 1 , before, 2.4 c.c. ; 2, during, 2.9 c.c.; after, 2. / c.c. D, 
in foot and adjoining portion of leg (vol. 1250 c.c.) ; i, before, 9.1 c.c.; during, . 
c.c. ; 3, after, 8.7 c.c. 



blood flow, or even a slight increase, despite the fact that measurements 
of flow in the hand alone, or in the forearm plus the hand, obtained 
during the same procedure, showed definite and significant decreases. 
Likewise, in the reflexly vasodilated extremity (Table II. Fig. 2), in all 
cases (four trials) there was no significant decrease in blood flow with 
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All figures represent blood flow per min. per 100 c.c. of limb volume. Room temp. 
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smoking. At a bath temperature of 45° C. (Table III, Pig. 3 ). a slight 
increase in flow was observed in one instance and no significant change 
in two others. 



Fig:. 3. — Effect of smoking upon blood flow (subject L.S.) in various blood vessel 
beds at a bath temperature of 4 5° C. A, Blood flow in band (vol. 456 c.c.) : 1. before. 
29.4 c.c. ; 2, during, 30.6 c.c. ; 3, after, 30.5 c.c. B, Blood flow In forearm (vol. o30 c.c. ) 
together with hand: 1, before, 28. S c.c.; 2. during, 29.2 c.c.; 3, after, 26.8 c.c. C, Blooo 
flow in forearm (vol. 500 c.c.) alone: 1. before. 10.4 c.c.; 2, during. 9.6 c.c. . alter, 
9.G c.c. D. Blood flow in foot and adjoining portion of leg (vol. 13S0 c.c.): l. beiore, 
12.6 c.c. : 2, during, 12.9 c.c.; 3, after. 11.7 c.c. 


4. Effect of Smoking Upon Blood Flow in the Foot find Leg. In 
respect to the lower extremity, the foot and at least five inches of the 
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adjoining- portion of the leg- were within the plethysmography so tl « 
blood flow measurements reflected the combined response of the blood 
vessels in both sites. At a bath temperature of 32° C. (Table I, Fig. 1), 
in the group of normal subjects a definite decrease was obtained m 
three instances and a slight effect in one. In the remaining tlnee trials 
no significant change was observed. In the group of abnormal subjects 
a slight decrease occurred in four, no effect in seven, and an increase in 
two. The increase in flow was observed in a patient with hypertension 
and in one with scleroderma. In the reflexly vasodilated extiemity 
(Table IT, Fig. 2) there was no significant change in blood flow (three 
trials) in either normal or abnormal subjects. At a bath temperatuic 
of 45° C. (Table III, Fig. 3), in the normal group there were a definite 
decrease in four subjects, no effect in two, and an increase in another 
In the abnormal group there were no effect in two, an increase in four, 
and a slight decrease in one. 


DISCUSSION* 

It is obvious from an examination of the above data that smoking 
produced no reduction in total blood flow in the forearm alone under 
any of the conditions maintained during the experiments. That this 
was not due to a lack of response on the part of the subject is readily 
proved by the fact that there was a simultaneous and significant de- 
crease, both in the hand alone and in the forearm and the hand together, 
at a hath temperature of 32° C. (Table I). On the basis of the obser- 
vations of Grant and Pearson 10 that skin and subcutaneous tissue form 
about 50 per cent of the volume of the fingers, and that muscle makes 
up about S5 per cent of the volume of the forearm, it may be assumed 
that, local blood flow changes in the hand are dependent to a consider- 
able degree upon alterations in the caliber of cutaneous blood vessels, 
whereas in the forearm the muscle vessels play the predominant role. 
If these assumptions are correct, and, further, if the muscle of the fore- 
arm can be considered representative of similar tissue elsewhere at the 
periphery (and there is no evidence to the contrary), then the more 
general statement can tentatively be made that smoking causes con- 
striction of the arteries in the skin, but apparently has little, if any, 
effect upon those in voluntary muscle. All of the data appear to sup- 
port such a view. For instance, when vascular changes in the hand 
were permitted to influence the blood flow measurements obtained from 
the forearm (i.e., by allowing the blood pressure cuff at the wrist to 
remain deflated during a forearm blood flow measurement), smoking 
caused a decrease in flow which disappeared upon inflation of the cuff. 
In accord with this is the observation that in no instance was the degree 
of change in the forearm and hand together as great as that in the hand 
alone In the studies on the lower extremity, the effect of smoking at 
a bath temperature of 32° C„ was much less marked than in the hand 
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under similar conditions; this can be correlated with the fact that a 
portion of leg, made up principally of muscle, was enclosed in the 
plethysmograph. 

Another point which must be considered is the fact that blood flow 
through the forearm is to some extent influenced by the state of the 
blood vessels in the skin, which makes up about 9 per cent of the ex- 
tremity volume. 10 If we assume that these vessels react in the same way 
as similarly located arterioles in the hand,* then smoking should con- 
strict them, causing a decrease in the rate of total blood flow. However, 
since the blood flow in the forearm was not only not diminished, but 
in some eases even increased slightly, the possibility exists that although 
some constriction of the blood vessels in the skin may have taken place, 
it was largely masked by a simultaneous dilatation of the vessels in the 
muscle. This view is in accord with the observations of other workers 
that the blood vessels in the muscle and those in the skin respond dif- 
ferently to various stimuli. For instance, Friedlander and her asso- 
ciates, 11 by means of thermocouples, were able to demonstrate that, with 
such procedures as the production of reflex vasodilatation, paravertebral 
block, and spinal anesthesia, the skin temperature in human subjects 
rose significantly while that of the muscle remained unaffected. Fur- 
ther, Grant and Pearson 10 have shown that, in the forearm and leg, 
minute doses of epinephrine, introduced intravenously or subcuta- 
neously, caused an increase in limb volume and blood flow, while in the 
digits definite vasoconstriction was produced. Abramson and Ferris 12 
have found that with such a stimulus as a pinch, or the performance of 
a mental task, there was a definite decrease in blood flow in the hand, 
but no change, or even an increase, in flow through the forearm. 

Comparison of the effects of smoking upon blood flow in an extremity 
under different environmental conditions reveals certain variations in 
the degree of response elicited. For instance, in the hand, at a bath 
temperature of 32° C. (equal to average skin temperature), vasocon- 
striction was generally produced by smoking ; with reflex vasodilatation 
a decreased flow still resulted, but to a relatively small degree. On 
exposing the hand to a bath temperature of 45° C., smoking generally 
produced no effect, although in occasional instances a definite vasocon- 
striction was still observed. The same type of variation with changes 
in bath temperature was observed in the foot and leg, and in the fore- 
arm and hand together. As has been stressed before, smoking produced 
no debrea.se in blood flow in the forearm alone, irrespective of the state 
of the blood vessels. 

It would appear from the foregoing that when the blood vessels in 
the hand are dilated, either reflexly or by the direct application of heat, 


•A possible objection to this statement is the fact that there arc many arteriovenous 
shunts in the skin of tile fingers which are not present in the skin of the forearm. 
This anatomic finding may in part explain the differences in response of the forearm 
and hand . 10 
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ill blood flow. Ill the foot and adjoining portion of tlie leg the changes 
were in each instance relatively less marked than in the hand. In the 
forearm, which contains muscle to the extent of 85 per cent of its 
volume, there was no change in blood flow under any of the experi- 
mental conditions. 

CONCLUSIONS 

Judging from our results, the usual statement that smoking causes a 
decrease in peripheral blood flow 1 - 5 - 7 should be modified to indicate 
that the decrease probably takes place only in the blood vessels of the 
skin, and not in those of voluntary muscle. It follows, therefore, that 
the constrictor response to smoking observed in skin vessels of the 
hand cannot be considered as typical of reactions of blood vessels else- 
where in the body. 

We wish to express our appreciation to Mr. Joseph Marrus, Mrs. Robert Senior, 
and Dr. Meyer Margolis for technical assistance in carrying out the experiments. 
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heart sounds in young adults* 

Herbert A. Sacks, M.D., and Ralph C. Roberts, M.D. 
Chicago, III. 

H EART sounds have been recorded by various methods for man\ 
years. Although a great deal of information has been obtained by 
means of the older methods, at times the graphs have presented very 
difficult problems in interpretation. Lockhart 1 has discussed the out- 
standing contributions of the earlier methods and has presented a ncu 
method which overcomes many of the previous difficulties. Ilis ap- 
paratus, called the stethograph, was used in our study. 

Before records can be fully interpreted, normal standards need to be 
established. Reports in the literature have been meager, as far as the 
stethograph is concerned. Martinez Canas-- •' reported on the use of this 
method, but the number of normal records studied in his series was 
small. Horine 4 described the clinical use of the stethograph and pub- 
lished records taken with this instrument. McKee’ 1 ' 0 has reported on 
the heart sounds in normal children and children with rheumatic heart 
disease. In 90 per cent of her series of 105 normal children she found 
systolic vibrations which she called murmurs, but she did not regard 
them as significant. 

Our study of the stethograms of 110 medical students was undertaken 
to determine the characteristics and time relationships of the heart 
sounds of normal young adults, and the significance of systolic and 
diastolic vibrations, exclusive of the heart sounds themselves, occurring 
in the absence of audible murmurs. 


procedure 


In order to eliminate extraneous? sounds, the stethograms were made in a warm, 
quiet room, with the subject relaxed and respiration suspended. The recordings 
were made from tire apex area with the patient reclining comfortably in the left 
lateral position. A microphone bell with an opening 5 cm. in diameter was care- 
fully applied in the correct position, as determined by auscultation, and held with 
a rubber strap. 

One of the standard electrocardiographic leads was recorded simultaneously on 
the same recording paper. The camera speed was routinely 50 nun. per second, 
which was found satisfactory, although occasional graphs were recorded at 300 
mm. per second. 

AH of the students studied were apparently in good health; they had had physical 
examinations in the student health department, and the majority had also had 
roentgenograms of the chest at the time of the physical examination. A careful 
search for the potential etiologic factors of heart disease was made in all cases 
and no student with such a factor, or with objective signs of organic heart disease! 
was inc luded m the series. Thus the subjects studied were free from organic 


♦From the Florsheim Foundation for the Study of T-Too.-! . ,, 

partment o£ Medicine. Northwestern University Medical School. 15 " oaso * ancl 1,10 Do- 
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heart disease, as judged by the criteria of the New York Heart Association.? 
Body habitus, height, and weight were noted. The ages ranged between 20 and 
30 years in 105 cases; five of the subjects were between 30 and 35 years of age. 

All records were carefully analyzed, and artifacts ruled out. If necessary, the 
stethogram was repeated. The number of vibrations in each heart sound and the 
systolic and diastolic vibrations which were separate from the true heart sounds 
were counted in all records. When vibrations varied from heart cycle to heart 
cycle, an average was taken. 



Fig. 1. — Stethograms, with Lead II of the electrocardiogram, showing: A, Normal 
heart sounds. B , Normal heart sounds with slight systolic vibration. G, \ ariation oi 
normal sounds, with accentuation and reduplication of the second sound (n-o). Elec- 
trocardiogram and brachial pulse tracing recorded simultaneously. 

RESULTS 

All records examined revealed a normal sinus rhythm, with the heart 
rate varying from 60 to 90 beats per minute. 

The first heart sound appeared within 0.04 to 0.06 second after the 
Q wave, or the first of the initial deflexions of the electrocardiogram. It 
was composed of 6 to 8 large vibrations in 86.3 per cent of the cases, and 
of 4 to 10 vibrations in a few isolated instances. The duration of tiiis 
sound varied from 0.08 to 0.12 second. 
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The second sound appeared within 0.84 to 0.40 second after the Q 
wave. It was composed of 4 to 6 vibrations, and its duration was 0.U4 

to 0.06 second. . 

The third heart sound was recorded in 33.3 per cent oi our sene. . 

It occurred 0.48 to 0.52 second after the Q wave, and 0.12 to 0.1b 
second after the beginning of the second sound. This sound usually 
had one or two vibrations of rather low amplitude. 

The fourth sound was recorded in some instances, but was not con- 
stantly present or clearly distinguishable in most of the records exam- 
ined (Fig. 1). 

Sixty-eight records (61.8 per cent) showed vibrations during systole. 
These varied in number from 4 to 26. Systolic murmurs were audible 
in ten instances (9 per cent), and examination of the stethogiams of 
these subjects revealed that from 16 to 26 systolic vibrations were pres- 
ent in every record. In the other fifty-eight eases in which there were 
systolic vibrations and no audible murmur, only twelve records re- 
sembled those obtained from the subjects with audible systolic murmurs, 
i.e., showed 16 to 26 vibrations in systole (Fig. 2). 



, t 2 .- Stethograms showing: A, Normal heart sounds with nine vibrations iv>l 


A study of body habitus showed that the inaudible systolic vibrations 
occurred more often in the asthenic type of individual. 

Early diastolic vibrations were present in fourteen eases (12 7 per 
cent). The maximum number of vibrations recorded was 8 to 10. In 
no instance was a diastolic murmur audible through the stethophones. 





306 


'the American heart journal 


It seemed advisable to compare the systolic vibrations found in our 
series of normal subjects with the records of known organic murmurs. 
A series of fifty cases of organic heart disease in which there were 
obvious systolic and diastolic murmurs was studied with the stethograph. 
These eases will be reported in detail at another time; however, it was 
ascertained that in the majority of eases an organic systolic or diastolic 
murmur was represented by 16 to 44 vibrations. Thus it became clear 
that 20 per cent of the total normal group (medical students) had 1G 
to 26 systolic vibrations that could not definitely be distinguished from 



Fig. 3. — Stethogiams from patients with organic heart disease showing: A, Apical 
systolic murmur comprising 53 vibrations (SM). B, Apical systolic murmur comprising 
27 vibrations (SM) and protodiastolic gallop (G). C, Apical systolic murmur com- 
prising 35 vibrations (SM). diastolic murmur comprising 21 vibrations UJJI), ana 
protodiastolic gallop (G). 


the recorded murmurs of organic heart disease. However, the well- 
defined organic murmurs usually had more vibrations and were of 
longer duration. Some records of organic systolic murmurs simulated 
the stetliograms showing systolic vibrations which were obtained from 
normal subjects (Pig. 3). 
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CONCLUSIONS 

The characteristics and time relationships of the heart sounds of 110 
normal young adults have been determined by means of the stethogrnph. 
The results suggest that, in the interpretation of stethographic records, 
systolic vibrations should not be regarded as actual murmurs unless 
there are at least sixteen regular oscillations. Clinical correlation is 
very important in the interpretation of cardiac sound records; it is not 
con’ect to interpret a few irregular oscillations in systole or diastole as 
a murmur, for they may he due to the impact of the apex against the 
chest wall, or to other extracardiac factors. Some genuine murmurs 
may be inaudible in the early stages of their development, but further 
research is necessary to determine the true significance of recorded 
vibrations when no sound is audible. 

The authors wish to express their appreciation to Dr. .T. G. Carr ami Dr. A. C. 
Ivy for their help and constructive criticism in this study. 
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THE SIGNIFICANCE OF THE DURATION OF Q 3 WITH 
RESPECT TO CORONARY DISEASE* 


Robert H. Bayley, M.D. 
New Orleans, La. 


OINCE 1930, Pardee, 1 Durant, 2 and Wallace 3 have offered various 
^ criteria for recognizing QRS changes which they considered highly 
significant of coronary disease. Their criteria, however, were concerned 
with amplitude only; they emphasized particularly the importance of a 
prominent Q s in association with a definite Q,. Primarily because of 
certain theoretical considerations, it seemed worth while to investigate 
the duration of Q 3 in a large number of electrocardiograms. 

For this purpose 19,000 electrocardiograms recorded from adults were 
critically examined. At least one-third of the curves had been taken on 
negro subjects. The duration of Q 3 was measured along the top of the 
broad base line. Early in the study of these curves and of their related 
clinical data it became evident that a Q, of 0.03 second, or less, in dura- 
tion was of little importance with respect to coronary disease unless 
there were also typical changes in the final ventricular deflections. 

It was then decided arbitrarily to investigate further all curves of the 
19,000 which presented an initial downward deflection in Lead III of 
duration equal to, or greater than, 0.04 second in at least five consecu- 
tive QRS complexes initiated by an impulse of auricular origin. All 
curves showing right axis deviation, all curves with QRS complexes of 
0.11 second, or more, in duration, and all curves having M- or W-shaped 
complexes in Lead III were excluded. 

The 163 electrocardiograms selected on the basis of these criteria 
were divided into two groups, according to the presence or absence of a 
Q„ 1 mm. or more in amplitude in at least five consecutive QRS com- 
plexes initiated by an impulse of auricular origin. Whether Q 3 was or 
was not followed by an immediate upward deflection was considered 
immaterial. This appears to involve the subject of terminology. The 
initial downward deflection under consideration may be regarded as an 
S 3 in curves in which there is no preceding Q 3 or R 3 , or may be looked 
upon as a Q 3 in curves in which R 3 is either present or absent. In order 
to avoid confusion, the notation adopted here is such that the initial 
downward deflection in Lead III is called a (QS) 3 deflection, thus in- 
dicating the independence of the presence or absence of an immediate 
subsequent, upward movement. 

The group of 163 curves contained 91 examples of the Q 2 (QS) 3 and 
72 of the R„(QS) 3 variety. 


‘From the Department of Medicine of the School of Medicine Loulsinnn. State 
University, and the files of the Heart Station of Charity Hospital of Louisiana. 
Xe%v Orleans. La. 
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THE Q 2 (QS)a GROUP 

In each instance the clinical picture was one of heart disease. The 
chief findings displayed by the ninety-one patients are presented in 
Table I. In the compilation of the table, pam associated with exeition, 
excitement, cold, or heavy eating was considered a necessary part oi the 
coronary disease picture in the absence of unequivocal coronal* 
changes’ in both the initial and final ventricular deflections. Since coro- 
nary disease may be present in a patient not having these symptoms 
and electrocardiographic changes, the value of 82 per cent may be low. 



A. Jl. 

Fig. 1. — A, Sample curve of the type selected for the Q: (QS)j group. Ii, Sample curve 
of the type selected for the K- (QS)a group. 

Table I 

Distribution of SS Patients in the Q,(QS ) 3 Group According to tiie Etiology 
of Their Heart Disease. (Three Patients in This Group, Two With 
Rheumatic Heart Disease and One With Myxedema, Are 
Omitted From the Table.) 


heart disease 

arteriosclerotic 

HYPERTENSIVE 

SYPHILITIC 1 

TOTAL 

Number with acute or sub- 
acute cardiac infarction 

2S 

14 

1 



21 

9 

2 

• SS 

.Number without symptoms 
of coronary disease 

2 

6 

5 



96 

79 

00 


/o oi Q 2 (QS) s group with 
coronary disease 

54 

25 

3 

82 
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All of the subjects classified as having arteriosclerotic heart disease 
were white, and all but three were males. In more than half of the 
curves in this group, the amplitude of (QS ) 3 was less than half as great 
as that of the largest QRS deflection. There was an SO per cent inci- 
dence of abnormal changes in the final ventricular deflections. The 
most common type of RS-T junction and segment deviation was of the 
Q 2 T 3 variety. One-fourth of these curves displayed a so-called coronary 
T in one or more leads. Auricular fibrillation was rare. 



A. b. c. 

Fig. 2. — Curves A and B were recorded over a one-year period from a v M to 
woman, 49 years of age, and indicate the presence of a large posterior infaict. 
Curve C was recorded from this subject one and one-half weeks after a second 
(anterolateral) infarct. 

THE R 2 (qs) 3 GROUP 

The criteria established for this group were identical to those laid 
down for the Q 2 (QS ) 3 group, except that there was no Q 2 . All but one 
of the seventy-two subjects presented a clinical picture of heart disease. 
It was found that twenty-one of the twenty- nine patients in the arterio- 
sclerotic subdivision and eleven of the twenty-four patients in the In pci - 
tensive subdivision had, or had previously had, definite clinical mani- 
festations of coronary disease. In the syphilitic subdivision five of the 
twelve patients presented this picture. There were four additional pa- 
tients with rheumatic heart disease, one of whom had pain caused bj 
coronary involvement. Of the remaining three patients in the R 2 (QS).: 
group, one had neurocirculatory asthenia, one anemia, and the third 
was pregnant. 
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discussion 

Of unusual interest was the case of a white woman, 49 years of age, 
in which the diagnosis of hypertensive heart disease, diabetes mcllitus, 
and coronary arteriosclerosis had been established. Her electrocardio- 
grams are shown in Pig. 2. Curves A and B, which were taken nine 
months before Curve C, indicate the presence of a large infarct in the 
diaphragmatic wall of the left ventricle. She developed symptoms of 
acute cardiac infarction one and one-half weeks before Curve C was 
taken and died a few days after this recording. Curve C resembles the 
previous curves in all essential particulars. A marked diminution in 
amplitude has occurred, however, in both Q 2 and (QS ) :1 . This, togethci 
with the changes in the clinical manifestations, was believed to indicate 
the development of an infarct of the anterior wall of the heart. 

Necropsy revealed an old posterior, and a recent anterior, infarct of 
the inner half of the wall of the left ventricle. A strikingly similar 
course of events was observed in a ease reported by Wilson.' 1 

When the records of the Q..(QS) n and R.(QS), groups were consid- 
ered jointly and those eliminated in which a diagnosis other than acute 
or subacute cardiac infarct was justified, it was observed that there were 
five times as many of the related electrocardiograms in the Q ; (QS)~ 
group as in the ID(QS) 3 group. This observation corroborates the opin- 
ion, expressed independently by Durant and Wallace, that the presence 
of a Q„ in addition to a prominent Q 3 lends further support to the pre- 
sumptive diagnosis of coronary disease. 

The criteria suggested for the Q..(QS)„ group appear to have an ad- 
vantage over those offered by Durant, for they enable one to select, 
without loss of specificity, all of the curves which would he included on 
the basis of his most rigid QRS criteria, plus at least as many more addi- 
tional curves. 

SUMMARY AND CONCLUSIONS 

1. A critical examination of 19,000 electrocardiograms led to the es- 
tablishment of new criteria for recognizing QDS changes which are 
highly significant with respect to coronary disease. 

2. Emphasis is placed upon a broad (QS), of large amplitude which 
subsequently undergoes a sharp diminution in amplitude. This change 
alone is thought to be indicative of anterior infarction when it occurs 

m a patient who has already had infarction of the posterior wall of 
the heart. 


wftw Electrocardiogram win Largo Q i„ Lead III, 

’ « f i„ Coronary 

l WtafA nV JJ S'Kl'rfw’ *• .«* «, 1934. 

Bobort L. Levy, Non- York, 193(1, p. ais/nTSaitac”' P ”'”’ ^ 



THE TREATMENT OF OCCLUSIVE ARTERIAL DISEASE OF 
THE LEGS BY MEANS OF THE SANDERS VASOCILLATOR 

(SANDERS BED) 

Nelson W. Barker, M.D.A and Grace M. Roth, Ph.D.I 
Rochester, Minn. 

TN 1936, Sanders 1 described a motorized oscillating bed for the treat- 
ment of cardiac and vascular diseases. This bed has recently been 
described and accepted by the Council on Physiotherapy of the American 
Medical Association 2 under the name “Sanders vasodilator.” In brief, 
it consists of an ordinary hospital bed attached to a special cradle, so 
that the bed can be rocked on a transverse axis across its midportion 
after the manner of a child’s seesaw. By means of an electric motor the 
lied is tipped on this transverse axis continuously, so that the head of the 
bed is alternately raised and lowered through an arc of approximately 
60 degrees. The period of oscillation can be adjusted to take from one to 
seven minutes for a complete cycle. It is possible to change the midposi- 
tion of the bed through a small arc, so that, in the extreme positions, the 
head of the bed may be higher and the foot lower at the end of the cycle, 
or vice versa. The head and foot of the bed are hinged so that either 
can be raised, and the patient made to lie in the semirecumbent position 
with the thighs and knees partially flexed. 

In cases of peripheral vascular diseases the therapeutic principle of 
this bed is simply the old principle of postural exercises, except that the 
changes in posture can be carried out for long periods without effort on 
the part of the patient and with a steady, continuous rhythm. 

Sheard has devised a bed on the same principle, but with a different 
type of mechanism. The foot of the bed is raised and lowered through a 
fixed arc more rapidly than in the case of the Sanders vasodilator, but 
intermittently, the movement stopping at. the maximal elevation and 
maximal dependency for certain periods. The period during which the 
bed is stopped can be varied from a few seconds to several minutes by a 
simple adjustment. An advantage of Sheard ’s bed is that the periods of 
elevation or dependency can be more easily varied. It possesses the dis- 
advantage that patients are more conscious of the intermittent than ol 
the continuous motion. 

This report is based on observations of eighty-eight cases of occlusive 
arterial disease of the legs in which the patients were treated with these 
beds. The eighty-eight cases consist of thirty-eight cases of arteriosclero- 
sis obliterans without diabetes mellitus, sixteen cases ol arteriosclerosis 
obliterans with diabetes mellitus, thirty-one cases ot thromboangiitis 

•I-'rom the Division of Medicine, The Mayo Clinic. 
fAssistant in Clinical Physiology. The Mayo Clinic. 
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obliterans, two cases of embolic arterial occlusion, and one case of Iran- 
mafic arterial occlusion. No difference could be observed m the effect of 
the bed in cases of different, types of arterial lesions in winch the symp- 
toms and degree of arterial insufficiency were roughly the same. 

In using the beds it was found that it was important to have the pa- 
tient in a comfortable position, and to secure enough flexion of the thighs 
and knees so that when the head of the bed was at its maximal elevation 
the patient’s body did not slip toward the foot of the bed. It also was 
found that adjustments of the bed were usually necessary for each pa- 
tient, that it was usually advisable to run the Sanders bed at a rather 
rapid speed (cycle of two minutes), and that. it. was desirable to hu\e the. 
feet of the patient just become blanched when they were in the elevated 
position and just develop rubor when they wore in the dependent posi- 
tion before the direction of motion changed. 


PI l YSIOI .OOIC EFFECTS 

The most obvious physiologic effect was the change in Die color of the 
skin during the cycle of oscillation, which indicates that there were 
alternate filling and emptying of the capillaries in the skin of the feet 
and toes. Studies of the skin temperature were carried out on six pa- 
tients before and after treatment with the bed (Table 1). In general, it 
can he said that there was only a minor increase in the skin tempera- 
ture, although this depended upon the degree of arterial obstruction in 
the extremity. The elevation in skin temperature was loss than that 
produced by other vasodilating agents, such as typhoid vaccine and 
ethyl alcohol, in the same cases. In a series of cases oscillometric read- 
ings were taken before and after treatment with the hod. There was 
usually, hut not always, a slight increase in these readings; this was less 
marked, or absent, in those cases in which the patients had severe degrees 
of arterial obstruction. One interesting effect of the bed was that 1 lie 
majority of the patients became rather sleepy after they had been on it 
for a comparatively short lime, the oscillating movement apparently 
having a definite soporific effect. Since ordinary sleep causes vasodilata- 
tion, sleep may have been partly responsible for the rise in skin tempera- 
ture. 

IMMEDIATE EFFECT OK 1»AIX 

On the basis of the symptoms and clinical observations the. eighty-eight 
cases were divided roughly into four groups. Group ] in eluded sixteen 
cases in which intermittent claudication was the only symptom. Group 2 
included thirteen eases in which pain occurred in the digits or feet while 
the patients were at rest (prctrophic pain). There was no evidence of 
ulceration, gangrene, or ischemic neuritis in this group of cases. Group 3 
was composed of fifteen cases in which the patients had pain which was 
characteristic of ischemic neuritis. There was no evidence of ulceration 
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or gangrene in any of the cases in this group. In group 4 there were 
forty-four cases in which the patients had ischemic ulcers or gangrene 
and severe pain in the region of these lesions. 


Table I 

Rise of Skin Temperature After Treatment With Sanders Bed 

for 1.5 to 2 Hours 



CASE 1 

CASE 2 

1 CASE 3 | 

case 4 

! CASE 0 j 

! CASE G 

LEFT 

FOOT 

RIGHT 

FOOT 

LEFT 

FOOT 

RIGHT 

FOOT 

LEFT 

FOOT 

RIGHT 

FOOT 

LEFT 

FOOT 

RIGHT 

FOOT 

LEFT 

FOOT 

RIGHT 

FOOT 

left; 

FOOT' 

RIGHT 

FOOT 

Average rise 
in tempera- 
ture of skin 
of toes, de- 
grees c. 

2.2 

1.5 

2.0 

2.7 

0.1 

1.1 

2.0 

1 

I 

3.S 

3.3 

I 

i 

1.0 | 

1.1 

Average 
maximum 
tempera- 
ture of skin | 
of toes, de- 
grees C. | 

32.5 

1 

1 32.3 | 

33.0 1 

1 

33.7 

20.7 

2S.5 

1 

31.2 

! 

| 

l 




28.0 


The most striking effect of treatment with the bed was the relief of 
pretrophic pain, the pain of ischemic neuritis, and the pain which was 
associated with ulceration and gangrene. In twelve of the thirteen eases 
in group 2 the patients obtained complete relief from pain while they 
were on the bed. Similarly, of the fifteen patients in group 3, nine ob- 
tained complete relief of neuritic pain while they were on the bed, and 
four more obtained partial relief. In thirty-two of the forty-four cases 
in group 4 the patients obtained complete relief from pain while they 
were on the bed. A striking example was that of a woman who had hy- 
pertensive heart disease and auricular fibrillation. She had had arterial 
emboli in both legs; these emboli had insulted in complete arterial ob- 
struction at a point just below the right knee, and progressive gangrene 
of the entire foot and leg developed. She suffered from severe pain in 1 lie 
region proximal to the upper margin of the gangrene. The pain could 
not be controlled by the administration of morphine, but she secured 
complete relief from pain while she was on the oscillating bed. Several 
times the bed was stopped in various positions, but each time the pain 
returned in a few minutes, and it was necessary to start the oscillation of 
the bed again in order to relieve the patient. In practically all in- 
stances in which relief from pain was obtained, the pain recurred alter 
the patients were taken off the bed during the early periods of treatment. 
Many patients stated that while they were on the bed they were able to 
sleep without the help of drugs for the first time in several weeks. 

RESULTS OF PROLONGED TREATMENT 

The persistent effects of the treatment on the symptoms and manifesta- 
tions of arterial insufficiency were somewhat difficult to evaluate. Of the 
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eight; v-eight patients, some were treated only one hour a day tor com- 
paratively short periods, whereas others were treated more intensive y 
for long periods, and still others were kept, on the bed practically con- 
tinuously for several days or weeks. Some of the eighty-eight patients 
were given other types of treatment during the period that they were 
being treated with the bed. In trying to evaluate the results an attempt 
was made to he conservative. Most of the patients were not ambulatory, 
and some of the improvement noted may have been simply the result of 
rest in bed, warm environmental temperatures, and the natural tendency 
of the circulation of the extremities to improve in the absence of further 


episodes of arterial occlusion. 

Group 1— In eight of the sixteen eases in group 1 a definite improve- 
ment was noted, hut it was fell that this was due to other types of treat- 
ment. In general, there appeared to he no definite improvement with 
respect to intermittent claudication following treat men! with the bed. 

Group 3 . — In eleven of the thirteen cases in this group relief of pain 
persisted after the treatment was discontinued. In five of these eleven 
cases the patients were treated only with the bed. The other six patients 
received other types of treatment which may well have produced t he same 
results if the bed had not been used. However, it is not certain that this 
would have occurred. 

Group 3 . — In nine of t-hc fifteen cases in group 3 relief of pain per- 
sisted after the treatment was discontinued. In seven of these nine eases 
the patients were treated only with the bed. 

Group *i. — In twenty-two of 1 he forty-four eases in group 4 the ulcers 
or gangrene healed and the patients obtained complete and persistent re- 
lief from pain. In twelve of the twenty-two cases (eight eases of arterio- 
sclerosis, two cases of thromboangiitis obliterans, and two eases of 
arterial embolism) the patients were treated only with the hod. except 
for the use of bland, warm, foot soaks and warm environmental tempera- 
tures. In the other ten cases all of the patients had thromboangiitis 
obliterans, and, in addition to treatment with the bed, typhoid vaccine 
was administered intravenously. In these eases the healing of the lesions 
and relief of pain were probably, although not certainly, due to the in- 
jections of foreign protein rather than to the effect of the bed. 




In summarizing the effects of treatment in the seventy-two eases in 
groups 2, 3, and 4, it can he said that persistent good results were ob- 
tained in twenty-four, or 33.3 per cent. In these cases the patients were 
treated only with the bed. Persistent good results also were obtained in 
eighteen other cases but in these cases the results may well have been due 
to the other types of treatment which were given simultaneously No 
persistent benefit was obtained in thirty, or 41.7 per cent, of the seventv- 
two cases, regardless of whether the bed was used alone or in conjunction 
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with other types of treatment. In this paper we have used the term 
“persistent good results” to mean relief from pain and healing of ulcera- 
tive or gangrenous lesions which persisted for a period of at least six 
months after the treatment was stopped. It is well known that patients 
with occlusive arterial diseases of the legs may have relapses due to oc- 
clusion of other arteries. 

A few other observations are worth mentioning. In five of seven cases 
of comparatively recent acute arterial occlusion and marked ischemia, 
there was definite evidence of improvement of the circulation after a 
few days of intensive treatment. In one of these cases the patient was a 
man who had had thromboangiitis obliterans for ten years. He entered 
the hospital two days after the occurrence of acute arterial occlusion. 
He had moderate! y severe pain in Ids right foot. There was a definite re- 
duction of sense perception in the distal half of the foot, which was cold 
and shrunken. The foot became completely blanched on elevation, and 
on dependency after elevation the color did not return in the skin of the 
toes until two minutes and fifteen seconds had elapsed. He was treated 
with the bed alone for twenty-three out of each twenty-four hours. After 
four days the color returned in the foot forty-five seconds after depend- 
ency during the elevation-dependency test. Sense perception returned to 
normal, and the pain was completely and permanently relieved. 

It is interesting to note that, when the bed was satisfactorily adjusted, 
we did not observe any case in which the pain became worse while the 
patient was on the bed, and untoward effects from treatment on the bed 
were noted in only one case. In this case the patient had thromboangiitis 
with gangrene of a toe and beginning gangrene of the distal portion of 
the foot. After treatment on the bed had been continued for two days, 
an ascending lymphangitis of the leg developed. We are not certain 
whether this was due in any way to treatment with the bed. In thirty- 
four cases it was possible to make some comparison between the effects of 
treatment with the bed and the effects of treatment with the intermittent 
suction and pressure machine. Of these thirty-four patients, seven who 
were unable to tolerate the suction pressure machine because it ag- 
gravated their pain obtained relief with the bed. Fourteen other patients 
felt that they had obtained definite relief from pain while they were on 
the bed, whereas they had not obtained any relief from pain with suc- 
tion and pressure. Three patients felt that suction and pressure had pro- 
duced definite relief from pain, while the bed had not. Nine patients felt 
that they had been relieved both by suction and pressure and by the bed 
in an approximately equal degree, and eight patients felt that neither the 
suction and pressure nor the bed had relieved their pain. 

SUMMARY 

The following is an attempt to summarize the value of the Sanders bed 
in t he treatment of occlusive arterial diseases of the extremities, based on 
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the effects observed in the eighty-eight eases. We have found no contra- 
indications to the use of this method of treatment, with the possible ex- 
ception of the presence of marked infection in association with gangrene. 
The bed can be used for comparatively short periods, or patients can be 
kept on it continuously for days or weeks. In comparison with other 
mechanical methods of treatment of peripheral circulatory diseases, it 
possesses the advantage of avoiding any constriction of the leg or obstruc- 
tion to the venous circulation. It can lie used in conjunction with vaso- 
dilating procedures, such as artificially induced fever, drugs given by 
mouth, or increased environmental heat. To secure the best effects, it is 
necessary to vary the position and timing of the cycle in accordance with 
the needs of the individual patient. This form of treatment produces 
slight objective improvement in circulation, and slight, but incomplete, 
vasodilatation. Its most striking therapeutic effect appears to be the 
immediate relief of pretrophic pain, the pain of ischemic neuritis, and 
the pain of ulceration and gangrene. Relief of these types of pain is not 
necessarily maintained when the treatment is discontinued. The bed ap- 
parently has minimal, if any, beneficial effects on the pain which causes 
intermittent claudication. It constitutes a valuable addition to the 
armamentarium for the treatment of peripheral arterial diseases, but it 
should not supplant other methods of treatment. 
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THE SYNDROME OF SUPERIOR VENA CAVAL OBSTRUCTION 

Louis A, Soloff, M.D. 

Philadelphia, Pa. 

/^LINICAL and pathologic reports of obstruction of the superior vena 
cava are uncommon. Ehrlich, Ballon, and Graham, 1 in 15)33, were 
able to collect from the entire literature only 309 cases. Minor degrees of 
compression of the superior vena cava are probably much more common 
than the comparatively small number of these reports would lead one to 
believe. A slight compression may cause no symptoms, and the signs may 
be so meager that either they are disregarded or overlooked entirely. 
Major obstructions by neighboring mediastinal tumors are probably also 
not as uncommon as the small number of reports in the literature sug- 
gests, because the symptoms of venous obstruction are to a considerable 
extent masked by more obvious and distressing symptoms, such as 
dyspnea and dysphagia, caused by pressure on other mediastinal struc- 
tures. Furthermore, the obstruction is rarely complete, or of sufficiently 
long duration, because of the nature of the lesion causing it, to necessi- 
tate the development of a collateral circulation. On the other hand, oc- 
clusion of the superior vena cava without a demonstrable tumor in the 
mediastinum is rare. Survival, with the development of an adequate 
collateral circulation, is still more rare. 

The following case is reported to illustrate the complete syndrome of 
occlusion of the superior vena cava, and to demonstrate the value of 
roentgenographie visualization of the vascular system, of segmental cir- 
culation time studies, and of venous pressure measurements in the diag- 
nosis of such an obstruction. 


REPORT OF CASE 

L. G., a man 30 years of age, first came to tlie Outpatient Medical Department 
of the Temple University Hospital because of a buzzing sensation in both his ears. 
Upon examination, many enlarged subcutaneous veins were seen over the upper half 
of his body. He entered the Temple University Hospital Jan. 9, 1939. The follow- 
ing history was obtained: 

The patient was born in Russia, and as a child had scarlet fever, measles, chicken 
pox and typhus fever. He came to America at the age of 9 years and had always 
lived either in Philadelphia or New York City. Ever since adolescence he had worked 
as a paperlianger. lie had been well until 1929, when he was 21 years old. At that 
time he was in New York City. He felt well and considered himself so until his 
friends told him that his face and neck were swollen to one and one-half times nor- 
mal size and that his face had taken on a peculiar, greenish-red (cyanotic?) color. 
At first he paid no attention to this, but within a week he himself noticed the change, 
and at the same time lie observed that his eyes were becoming very prominent and 
appeared as if they would pop out of his head. All through the day and night he 
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was disturbed by peculiar "machinery-like” no.** » h» T1 » £ 

finally to seek medical attention. He entered St. Luke's Hospital, in 
City Oct. 8, 1029, and was discharged Doc. 24, 1020. Dunn- Ins stay in the hos- 
pital he had an intermittent, fever with recurrent chills and sweats. Because o ns 
frequent complaints of headache, a spinal puncture was done, and the eerebrospinn 
fluid was found to be under increased pressure. (The details of the cluneal and 
laboratory studies are not available.) He felt well upon discharge and soon began 
to notice" prominent veins over the upper half of his body. These continued to in- 


crease in size. . 

He regarded himself as well until one month before admission to the leinple 
University Hospital. At that time he developed a buzzing in his ears. This buzzing 
was synchronous with the heart beat, was aggravated by emotional upsets, exercise, 
and the assumption of the upright position, and was improved by rest and lying 
down. He stated that he often had occipital headaches, that his eyes frequently 
became bloodshot, and that he developed diplopia when he hvperextended his head. 

Physical examination revealed a well-built, well-nourished young man. There uns 
nothing of note in the entire examination, including the ear drums, except for the 
presence of the large subcutaneous veins. The heart was entirely normal in size, 
shape, and position, as judged by physical and fluoroscopic, examination; the sounds 
were regular and normal. The electrocardiogram was normal. '1 here was no e\i- 
dence of a mediastinal tumor. The liver and spleen were not palpable, 'i here was 
no fluid in the abdomen and no edema of the legs. 

The veins of the head, particularly the postaurieular, were engorged and enlarged, 
even in the standing position. The neck veins were likewise enlarged and distended 
with blood. There were numerous tortuous, dilated, overfilled veins in both the 
upper extremities, on the anterior and lateral chest walls, and over the abdomen. 
Particularly prominent were the lateral thoracic, veins on both sides. There were no 
prominent veins over the back or in the lower extremities. It could be easily demon- 
strated that the lateral thoracic veins emptied caudallv into the superficial epigastric, 
veins. This was true in the recumbent position even when the pelvis was elevated 
by one pillow. 

The venous pressure in both upper extremities was measured by the direct von 
Tabora and Moritz method. The pressure in the right arm, taken in the antecubital 
vein in the supine position, with the arm abducted to forty-five degrees, and with 
the zero point adjusted to two and one-half inches dorsal to the angle of Louis, a was 
17.4 cm. of saline; in the left arm it was Ifl.S cm. of saline. These pressures could 
be raised to 22.5 and 2S cm., respectively, by compressing the thoracic or abdominal 
veins on the homolateral sides, indicating a definite connection between the veins of 
the arms and those of the thorax and abdomen. The saccharine time, according to 
the method of Hitzig, was 32 seconds in the left arm, and 22.4 seconds in the right. 
These times could be prolonged to a variable extent by exerting more or less pres- 
sure on the veins of the thorax and abdomen on the homolateral sides. This indi- 
cated that the increase in circulation time was due to the fact. that, the returning 
\enous blood had to traverse an abnormally long course, rather than to cardiac, 
failure. The venous pressure in the legs was 8.5 cm. of saline. 


The presence of prominent veins over the upper half of the bodv with venous 
hypertension limited to this area and of retrograde flow of blood in the thoracic and 
abdominal veins, together with the fact that both the venous pressure and the cir- 
cu ation time could be increased by compressing the thoracic or abdominal veins, 
established the diagnosis of complete obstruction of the superior vena cava, or of 
both innominate veins, with or without obstruction of the immediate tributaries. 

It was decided to attempt to follow the circulation of the blood bv means of some 
substance which the patient could sense. Five c.c. of a mixture of "equal parts of a 
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20 per cent magnesium sulfate and a 10 per cent calcium gluconate solution were 
injected rapidly into the left antecubital vein. The patient felt a creeping and warm 
sensation, successively, in the left shoulder (one second), left axillary region (two 
seconds), simultaneously in the left precordial area and left upper quadrant of the 
abdomen (five seconds), in the left lower quadrant of the abdomen (six seconds), 
heel (eight seconds), hypogastrium (ten seconds), and epigastrium (eleven seconds)! 
This sequence is correct, but the exact time relationship is probably not accurate 
because of overlapping in the perception of the sensations. A similar injection in 
the right antecubital vein produced the same sequence of sensations on the right 
side of the body. From this sequence of events one would assume that the flow of 
blood was from the antecubital vein to the axillary and lateral thoracic; part then 
went to the intercostals and internal mammary, and part to the superficial epigastric, 
femoral, iliac, and inferior vena cava or azygos. No adequate explanation for the 
sensation in the heel can be given. These tests were repeated several times, and 



Pig. i. — Photograph of the patient, showing the large lateral thoracic anti abdominal 

veins. 

each time the patient felt a creeping and warm sensation in the heel at approxi- 
mately the same interval and in the same sequence. No sensation was perceived m 
the face or neck. As a matter of fact, no adequate explanation can bo giten fm 
anv of the sensations perceived, because these results differ fundamentally from 
those ordinarily obtained. Clinical circulation-time studies depend upon the trans- 
portation of a foreign substance to some special sense organ, whereas in this instance 
tlie passage of the foreign body was detected by the patient while it was still in the 
veins. There are apparently only two possible explanations for this. Because of the 
venom- hypertension, the foreign substance may have diffused through the veins to 
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the skin. This seems very unlikely. The other explanation is that the veins may 
have acted as receptor end organs. The only reference to this possibility that I 
could find was in the monograph by Franklin. 3 Further studies on this question are 
contemplated. 

It was decided to attempt to visualize the abnormal venous communications 
radiologically. Diodrast was injected into one of the large antecubital veins by 
means of a large 16-gauge needle, with the arm extended above the head. This in- 
jection was completed as rapidly as possible, and two stereoscopic roentgenograms 
were made on one day in the right anterior oblique position, and on another day in 
the anteroposterior position, in each instance two and six seconds, respectively, 
after the beginning of the injection. On the first day 40 c'.c. of a 35 per cent solu- 
tion of diodrast were used, and on the second day, 35 c.c. 







Figr. 2.— Right anterior oblique view visualizing 

’ lsualizing the vejns with diodrast 
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which lies immediately beneath the sixth rib. This is the only one of the inter- 
costal.? which seems to be connected with this superficial vein. 

“The cephalic vein is visualized crossing the right clavicle and proceedin'' 
mesially between the clavicle and the first rib. As stated above, the junction of this 
cephalic vein with the axillary is not clearly seen. Communicating with the con- 
tinuance of the cephalic vein near the anterior chest wall and proceeding caudal] v 
along the axis of the spine, there is a pair of veins which appear to be venae 
comitantes and are probably the internal mammary veins with an arterv between 
them. These connect with the upper intercostal veins, some of which are well 
visualized. ’ ’ 

Anteroposterior view: “Although the clinician has not stated into which \ein 
the material was injected at this examination, he piobably did not use the same 
antecubital vein as before. This is thought to be true because there is no evidence 
of visualization of the cephalic or subclavian vein, or of the venae comitantes which 
wcie previously legauled as the internal mammary veins. 



Fig. — Anteioposterior view, visualizing: the veins witli (Iiodiast ami demonstrating 

the absence of a mediastinal lesion. 

“These posteroanterior roentgenograms, which were made two and six seconds, 
respectively, after the beginning of the injection of the diodrast, show what appear.- 
to be the brachial vein emptying into the lateral thoracic vein, which then proceeds 
in a tortuous fashion down the lateral aspect of the thorax. A branch of this 
lateral thoracic seems to penetrate the chest wall under the sixth rib in the anterior 
axillary line and to proceed posteriorly in the region of the sixth intercostal ■vein. 
It may be that a branch of this vein also goes anteriorly along the sixth rib, but I 
believe that the other, smaller veins which are visualized o\cr the lower thoracic 
wall are probably superficial to the chest wall.’’ 
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DISCUSSION* 

The superior vena cava may be partly or totally obstructed, "dh 01 
without thrombosis, by any mass in the mediastinum. It. nia> a so e 
obstructed by a foreign body or a thrombus. The commonest causes of 
obstruction are aneurysm of the aorta and malignant Illinois. u 
rarest cause is thrombosis. The following outline enumerates the vari- 
ous causes for superior vena eaval obstruction. 

1 Ancurvsm of the aorta: This may compress the vena eava or may 
actually rupture into it. The characteristic-, manifestations of rup- 
ture include not only the suddenness of the onset, but also the de- 
velopment of a new, continuous murmur and pulsations in recently 
enlarged veins of the upper hall ol the bod}. 

2. Mediastinal tumors 

a. Lymph node enlargement: metastatic carcinoma, leuccmia, 
Hodgkin’s disease, inilammatory hyperplasia (syphilis, tuber- 
culosis, granulomata. nonspecific) 

b. Thymus gland enlargement 

c. Thyroid gland enlargement 

3. Mediastinitis 

4. Pericarditis, with or without effusion 

5. Cysts 

G, Trauma, due to hemorrhage 

7. Thrombosis 

Thrombosis of the superior vena cava is also the rarest of all venous 
thromboses. In an exhaustive review of the literature, Ochsncr and 
Dixon" found reports of J20 cases. In not all of these was the diagnosis 
definitely proved. Of these 120 eases, external compression was the 
cause in 35 (29.1 per cent); mediastinitis in 28 (23.3 per cent); the 
cause was either unknown or not stated in 13 (10.8 per cent); and 
phlebitis was the underlying lesion in 44 (3G.G per cent). Of the 44 
cases of phlebitis, syphilis was llie cause in 12, tuberculosis in 4. a pyo- 
genic process in 7, and trauma in 1 : 10 of flic patients had hear! dis- 
ease, and in 10 eases the phlebitis was of unknown origin. Therefore, 
only ten cases of idiopathic phlebitis with superior vena eaval throm- 
bosis had been reported. Since that time one ease of tuberculous phle- 
bitis has been reported by Szour and Berman''’ and one of phlebitis of 
unknown origin by Blasingame.’ 

In tlie case reported herein, the presence of venous hypertension in 
the head, neck, and upper extremities indicated obstruction of the supe- 
rior vena cava and both innominate veins. The roentgonographie demon- 
stration of obstruction of the axillary veins excluded Ihe possibility that 
a simple encircling band at the base of the superior vena cava was the 
cause. The only plausible explanation was thrombosis of the superior 
vena cava extending into its main tributaries, including the axillary 
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veins. The old history of fever, chills, and sweats suggested that the 
thrombosis was of infectious origin. The nature of this infection is en- 
tirely conjectural. An interesting report of thrombosis of the superior 
vena cava following influenza was reported by Strauss . 8 This is the 
twenty- fifth case of superior vena eaval thrombosis not due to a medi- 
astinal tumor. 

The development of a collateral circulation depends on the site of 
occlusion of the superior vena cava, i.e., whether it is above or below the 
azygos vein. 

Carlson’s 9 experiments on dogs showed that when the occlusion is 
above the azygos, the superficial veins show the following anastomoses. 
The axillary unite with the thoracoepigastric to join the plexus over the 
thorax and abdomen. The veins of the neck anastomose with those of 
the thorax and empty into the intercostal veins. They also communicate 
with the superficial epigastric and the superior and inferior epigastric, 
to unite with the femorals and the external iliac. 

The deep veins go from the internal mammary to the intercostals, to 
the anterior mediastinal, and to the superficial epigastric. There is, fur- 
thermore, an anterior and posterior plexus of mediastinal and peri- 
cardial veins which empty into the subphrenic and the tributaries of the 
inferior vena cava. There is also a connection above, through the verte- 
bral column, with the dural sinus and the vertebral veins, and below 
with the intervertebral and intercostal veins, the deep dorsal veins of 
the back, the posterior rami of the intercostal veins, and the descending 
branches of the transverse cervical and scapular veins. 

The lumbar veins join the abdominal and suprarenal and the super- 
ficial and deep veins of the back; some of them empty into the azygos. 

The superficial intercostal and the other intercostals join the acces- 
sory hemiazygos and azygos veins. 

In this type, the azygos vein, with its tributaries, is greatly enlarged, 
and becomes the principal channel through which the blood returns to 
the heart. 

When the occlusion is below the azygos, the superficial veins are promi- 
nent over the abdomen and thorax. The deep veins go from the internal 
mammary to the superior and inferior epigastric, to the external iliac 
veins. There is a rich anterior and posterior mediastinal and peri- 
cardial plexus. The vertebral venous plexus is extensively developed ; in 
particular, the internal and the deep collaterals of the back are present. 

To summarize Carlson’s conclusions, when the occlusion is above the 
opening of the azygos veins, the azygos vein and its tributaries form the 
chief channel for the return flow of blood from the upper part of the 
body to the heart. The lower abdominal collateral veins are relatively 
unimportant. In the second type, when the occlusion is below the open- 
ing of the azygos vein, the superficial and deep abdominal vessels and 
vertebral plexus are of much greater importance. All of the blood ic- 
tums to the heart through the inferior vena cava. 
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In addition to tlie above collaterals, one must also, according to 
Ochsner and Dixon, 5 consider the anastomoses between the esophageal 
and gastric coronary veins and the inferior vena cava. 

A beautiful example of the collateral circulation in a case of supe- 
rior vena eaval thrombosis was recently published in the Archives of 
Pathology, and the diagram is reproduced with the kind permission of 
the author. 7 The lesion was found in the dissection of a cadaver; the 
body was that of a man 93 years of age, and no history was obtainable. 
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Obstruction of the superior vena cava may occur at any age, but it is 
most common in the fourth and fifth decades. It occurs with equal fre- 
quency in the two sexes. The symptoms depend on the degree of occlu- 
sion, the rapidity of its development, and the absence or presence of a 
collateral circulation. With lesser degrees of obstruction there may be 
no symptoms, and the diagnosis is made by demonstrating that there is 
increased venous pressure localized to the upper half of the body. This 
will be discovered more and more frequently if routine venous pressure 
measurements are made in all patients suspected of having or known to 
have mediastinal lesions. 10 In slow, gradual, complete occlusion, there 
may be no symptoms because the development of the collateral circulation 
keeps pace with the occlusion. In sudden, complete occlusion, the symp- 
toms caused by congestion of the veins emptying normally into the supe- 
rior vena cava are dramatic. The superior vena cava returns the blood 
from the head, face, neck, upper extremities, thoracic walls, and a portion 
of the upper part of the wall of the abdomen. If the occlusion is sufficient 
in degree and rapid enough in its development, the patient develops 
cyanosis and edema of the head, face, neck, and perhaps of the upper 
portion of the chest and upper extremities. The eyes become prominent, 
and, if the lesion is sufficiently acute, hemorrhages may occur in the 
retina and conjunctiva. The intracranial congestion produces peculiar 
noises throughout the head, disturbs the sensorium, and may cause tin- 
nitus, deafness, papillary edema, somnolence, epistaxis, and, rarely, 
hemoptysis. The pressure of the cerebrospinal fluid is increased. A1 
the height of the obstruction, the patient sits up and arches his back 
forward for relief from dyspnea. Fatal edema of the larynx 11 may 
occur, or death may be due to increased intracranial pressure and 
anoxemia of the brain. Pleural •effusion occurs occasionally. Chylo- 
thorax has been produced by experimental occlusion of the superior 
cava (Blalock, Cunningham, and Robinson 12 ) but has not been reported 
in man. About 75 per cent of the patients die during the acute stage.” 
If the acute stage is survived, the symptomatology will depend upon the 
amount of collateral circulation. If this is adequate, there may be no 
symptoms, and the condition is not incompatible with life, as shown in 
the case of Blasingame’s patient, who lived to the age of 93 years. Be- 
cause of the continuously dilated intracerebral veins, cerebral symp- 
toms, such as headache, tinnitus, vertigo, and even lethargy, are common. 
These symptoms are usually aggravated by sitting or standing and by 
exercise, and they are relieved by rest and lying down. Dimness and 
edema of the skin and dermatoses with itching lesions arc occasionally 
seen in the upper half of the body. 

A history of edema and cyanosis of the head, neck, and upper ex- 
tremities should lead one to suspect superior vena caval obstruction. 
The presence of venous hypertension in the upper half of the body 
clinches the diagnosis. The subsequent development of enlargement of 
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the veins in the upper half of the body, in which the flow is retrograde, 
and, as shown by means of circulation time and venous pressure studies, 
with circulatory connections on the homolateral side, completes the 
demonstration. The symptoms, if any, are due to the lack of adaptability 
of the skull to this increased pressure. Wagner 11 claims, after studying 
four cases by the injection method in the human cadaver, that dilata- 
tion of the dorsal thoracic veins suggests occlusion, in addition, of the 
azygos vein. Lian and Abaza 14 state that an increased venous pressure 
in the upper half of the body, with a normal circulation time, is diag- 
nostic of this condition. As shown in our case, this is not so, and can- 
not be so if the vena cava is completely occluded. It may be true if the 
occlusion is not complete, but it is important to remember that the 
venous pressure in both upper extremities may be elevated by local pul- 
monary disease, such as tuberculosis. However, in these cases there is 
no elevation of pressure in the veins of the bead or neck unless there is 
compression of the superior vena cava caused by mediastinal tuberculosis. 

The prognosis depends upon the rapidity of development and degree 
of the obstruction, as well as on the underlying cause. Of those patients 
with thrombosis of the superior vena cava, 75.9 per cent 5 die in the 
acute phase. About the same percentage of patients with complete oc- 
clusion of the superior vena cava due to mediastinal tumor will die. 
Partial occlusion is not incompatible with longevity. Once an adequate 
collateral circulation lias formed, the obstruction itself is comparatively 
unimportant, although most patients will complain of minor, usually 
cerebral, symptoms. Judging from the experimental work of Carlson, 8 
occlusion of the superior vena cava below the azygos vein is more seri- 
ous than occlusion above the azygos vein and is rarely outlived. 

The treatment depends upon the cause. In the acute occlusions caused 
by mediastinal tumors, roentgentherapy may be tried for radiosensitive 
lesions, and mediastinotomy for radioresistant lesions. The indication 
for treatment in cases in which the occlusion is the result of intravascular 
disease is to relieve the venous pressure in the tributaries of the supe- 
rior vena cava. This can be done by bleeding, probably best from the 
jugular veins, and by placing the patient in the proper position. The 
most favorable position is the recumbent, with the head slightly low- 
ered. Lumbar puncture may be of some help. In the chronic stage the 
treatment depends upon the severity of the symptoms. Usually no 
treatment is necessary except occasional sedatives. 


CONCLUSION 

A case of obstruction, probably caused by infectious thrombosis, of 
the superior vena cava and its main tributaries is presented. The litera- 
ture is briefly reviewed, and the diagnostic criteria for this lesion are 
given. 

I am indebted to Dr. Hugo Boeder for suggestions in studying this patient 
roentgenologically and in the preparation of the manuscript. 
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THE COLD-PRESSOR REACTION IN NORMAL SUBJECTS AND 
IN PATIENTS WITH PRIMARY (ESSENTIAL) AND 
SECONDARY (RENAL) HYPERTENSION® 

John II. Miller, M.D.,t and Maurice Brugkr, M.D. 

New York, N. Y. 

S INCE 1932, when Hines and Brown 1 first reported the response of 
blood pressure to a standard stimulus of cold, this reaction has been 
studied by numerous investigators. The results, as indicated in a recent 
critical review of the literature by Ayman and Goldshine, 2 have not been 
uniform. The reasons for the discrepancies have been discussed ade- 
quately by these writers. In this communication, therefore, the literature 
on this subject will not be reviewed in detail. 

Our interest in this problem was to determine whether the cold-pressor 
reaction could be used to differentiate between essential hypertension and 
the secondary forms of hypertension, particularly the type seen in 
chronic renal disease. For the purpose of evaluating these results sta- 
tistically, a group of normal subjects was also studied. 

METHOD AND MATERIAL 

With the exception that we used a recording sphygmomanometer, the method em- 
ployed was that described by Hines and Brown. 1 The test was carried out with the 
subject in a comfortable sitting position, except in a few instances in which the 
patients were recumbent in bed. The blood pressure cuff was applied to one arm, and 
the other arm was left free. Blood pressure readings were then tnhen at frequent in- 
tervals until a uniform control level was reached. Because of the mechanical slow- 
ness of the recording sphygmomanometer, blood pressure readings could not be made 
at exactly 30- and GO-second intervals after immersion of the hand in water at from 
4 to 5° C. In order to keep within the minute limit, therefore, recordings of the 
blood pressure were taken as rapidly as possible (at least two being obtained), and 
were discontinued after the hand had been submerged in ice water approximately one 
minute. Blood pressure recordings were then continued after the hand had been re- 
moved from the ice water until the blood pressure had returned to the control level; 
the time required for the return to the original level was noted. 

Eighty-nine subjects were studied ; twenty-six were considered as normal individ- 
uals, and consisted of interns, laboratory workers, and other members of the usual 
hospital staff. Eleven subjects had chronic renal disease with or without hyper- 
tension, and fifty-two subjects were classified as having essential hypertension. 

Following the classification of Hines and Brown, the normal group was divided 
into two categories, namely, (a) those having a rise of less than 22 mm. Hg systolic 
and diastolic (10 subjects), who will henceforth be referred to as normals, and 
(b) those having a rise in systolic or diastolic blood pressure greater than 22 nun. 
Hg (10 subjects), henceforth referred to as hyperreactor normals. 

Ho^Jital, New 3 York^N. 1 Y , f MedicIne - New York Postgraduate Medical School and 

•Aided by a grant from Ciba Pharmaceutical Products, Inc. 
tFellow in Vascular Clinic, now residing in Laconia, N. H. 
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RESULTS 

Table I gives a comprehensive picture, including a statistical analysis, 
of the results obtained. In the group of sixteen normal subjects.' the 
average age was 28 years; five were females. The mean rise' in blood 
pressure was 13.9 ± 4.4 mm. Hg, systolic, and 11.8 ± 4.4 mm. Hg, diastolic. 
In the ten hvperreactor normal subjects, the average age was 27 years: 
two were females. The mean vise in blood pressure was 37.4 ± 9.2 nun. 
Hg, systolic, and 25.3 ± 9.1 mm. Hg, diastolic. 

Of the eleven subjects with chronic renal disease, the average age was 
36 years ; four were females. The mean rise in blood pressure was 16.5 ± 
7.8 mm. Hg, systolic, and 12.6 ± 6.5 mm. Hg, diastolic. 

Of the fifty-two subjects with essential hypertension, the average age 
was 54 years ; thirty-three of the group were females. The mean rise in 
blood pressure in response to the standard cold stimulus was 35.0 + 20.0 
mm. Hg, systolic, and 21.7 ± 12.2 mm. Ilg, diastolic. 

Table I also shows that the responses both of the hvperreactor normal 
subjects and the patients with essential hypertension deviate sufficiently 
from the normal to be statistically significant. The lack of any appreci- 
able variation from normal in the blood pressure response of patients 
with nephritis is also evident. 

Since only 76 per cent of the patients with essential hypertension gave 
a hyperreactor response to a standard cold stimulus, an attempt was 
made to ascertain what factors might influence the degree of pressor 
reaction in these patients. Thus, as indicated in Table I, the patients 
with essential hypertension were subdivided into smaller groups accord- 
ing to degree of arteriosclerosis, presence or absence of albuminuria, 
duration of hypertension, and, finally, according to age. It will be ob- 
served that those individuals exhibiting moderate to severe degrees of 
arteriosclerosis, those having albuminuria (a secondary manifestation in 
these patients, due to nephrosclerosis), and the aged (61 to 75 years) had 
an appreciably smaller pressor response to cold than those patients who 
manifested few or none of these complications, or were younger. How- 
ever, a considerable number of the older patients with arteriosclerosis 
gave a hyperreactor response to cold; apparently these factors alone do 
not account for the lack of a hyperreactor response in some patients with 
essential hypertension. The duration of the hypertension exerted little 
or no influence on the degree of pressor response in these patients. This 
confirms the clinical impression that the duration of hypertension, in 
general, bears little or no relation to the severity or extent of the sec- 
ondary lesions. 

It was pointed out above that t lie technique used in this study was 
fundamentally tiiat employed by Ilines and Brown, 1 and later by Aymnn 
and Goldshinc. 2 For this reason our results have been compared with 
theirs (Table II) and show a close agreement. 
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Table II 


A Comparison of Our Observations With TnosE of Previous Workers ok Tiir 
Mean Bise of Blood Pressure Produced by a Standard Cold Stimulus 


GROUP 

HINES AND BROWN 

ATMAN AND 
GOLDSIIINE 

PRESENT REPORT 





SYSTOLIC 

DIASTOLIC 

Normal 

11.4 

10.6 

10.5 

9.0 

13.9 

11.8 

Hyperreactor Normal 

29.4 

24.5 

33.0 

17.S 

37.4 

25.3 

Nephritis with and with- 







out Hypertension 





IG.a 

12.6 

Essential Hypertension 







Preorganic 

47.2 

34.3 





Organic 

34.4 

25.4 





All Cases 



33.5 

19.0 

• 35.0 

21.7 


DISCUSSION 

As stated at the outset, our prime interest in this problem was to deter- 
mine whether or not the cold-pressor test could be used to differentiate 
between essential hypertension and hypertension due to chronic renal 
disease. During the course of this work, Alam and Smirk 3 reported their 
studies on this subject, showing that, unlike most patients with essential 
hypertension, patients with nephritic hypertension do not exhibit a 
pressor response to cold. Our results are in agreement with theirs. Out- 
patients with renal hypertension, however, had an average rise, in both 
systolic and diastolic blood pressure, slightly higher than in normal sub- 
jects, whereas those of Alam and Smirk gave a lower response. 

No specific mention was made above of the time required for the blood 
pressure to return to the control level after removal of the hand from 
the ice water. Our observations in this respect agree with those of 
previous writers. "Whereas the blood pressure returns to the control level 
in approximately one minute in normal subjects, this interval may be 
prolonged to from two to ten minutes in hyperreactor normals and in 
patients with essential hypertension. Patients with nephritic hyperten- 
sion are similar to normal subjects in this respect. 

SUMMARY 

The blood pressure responses to a standard cold stimulus, using a re- 
cording sphygmomanometer, in a group of 89 persons, comprising nor- 
mal subjects, hyperreactor normal subjects, patients with nephritis with 
and without hypertension, and patients with essential hypertension, aie 
reported and studied statistically. 

Thirty-nine per cent of the normal subjects and 76 per cent of the pa- 
tients with essential hypertension gave a hyperreactor response to cold. 

The influence on the cold-pressor reaction of such factors as artciio- 
sclerosis, albuminuria, duration of hypertension, and age of the patients 
with essential hypertension is discussed. 
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The blood pressure response to cold in patients ■with chronic nephritis 
is similar to that of normal subjects who arc not hyperreaetors. A hyper- 
reactor response, therefore, in a patient with increased arterial pressure 
would exclude the possibility of hypertension due to chronic renal dis- 
ease, but the converse is not true. 

Grateful recognition Is given to Dr. Robert T. Garrett, of Southampton, Dong 
Island, N. Y., for his aid during the earlier part of these experiments. 
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THE clinical significance of eight axis deviation 

IN THE ELECTROCARDIOGRAM 

Wilfrid J. Comeau, M.D., and Paul D. White, M.D. 

Boston, Mass. 

TN SPITE of the crudeness of the estimation of the electrical axis of 
the heart by means of the electrocardiogram, significant deviations 
from the usual normal limits, have a clinical value which is not. suffi- 
ciently appreciated. The scarcity of practical information in the liter- 
ature concerning the limits of the normal electrical axis and the mean- 
ing of abnormal degrees of axis deviation is surprising to those of us 
who are engaged in clinical electrocardiography. This applies par- 
ticularly to right axis deviation, about which there exists no adequate 
clinical study, so far as we are aware.* The purpose of this report is 
to supply this need and thereby to increase the accuracy of differen- 
tial diagnosis. 

MATERIAL 

The basis of this report consists of electrocardiograms of 200 individuals, aged 
i) years, or more, showing right axis deviation of more than +00“ without low voltage 
or bundle branch block, but unselected in so far as the clinical diagnosis was con- 
cerned. These 200 cases were found among the records of approximately (5000 (3#±) 
individuals who had had electrocardiograms at the Massachusetts General Hospital. 
The electrical axis was estimated in degrees by the graphic method to be referred 
to below, i.e., Einthoven ’s triangle, as presented by Carter, Richter, and Greene.-’ 
All tracings having low voltage (maximum height of the QRS complex 5 millivolts, 
or less) in the standard leads were eliminated because of the unreliability of axis 
determinations in such instances. Electrocardiograms showing bundle branch, i.e., 
intraventricular, block were also excluded. Because of the natural tendency to 
right axis deviation in infants and young children, no patient under 5 years of age 
was included in this study, and all but five patients were over 10 years of age. 
Each case record was carefully reviewed, and if there was any doubt as to the 
cardiac diagnosis, the case was excluded. 

As an adjunct to the above material it seemed worth while to evaluate right axis 
deviation in regard to cor pulmonale, and to the three most common types of con- 
genital heart disease, i.e., the tetralogy of Fallot, interventricular septal defect, and 
patent ductus arteriosus. Consequently, the electrical axis was estimated in a sepa- 
rate group of such cases if the clinical diagnosis seemed unquestionable. 


general considerations 

At t lie outset it should lie realized that the determination oi the elec- 
trical axis of the heart by the electrocardiogram is. at best, only a rough 

From the Cardiac Laboratory of the Massachusetts General Hospital. Boston. 
Mass. 

Deceived for publication May S. HKiO. , , 

•Hccentlv Moia> has published a detailed study of the electioeardloKraPl.Ie tjjHS 
of right axis deviation in 128 patients, but his paper does not concern itself «lth tin 
clinical significance of ripht axis deviation in perioral. 
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measurement. This is so because the classical electrocardiogram records 
the differences in potential produced by the contracting heart muscle m 
one plane only, whereas actually, since the heart is a solid body, these 
electrical forces are taking place in many different planes. It is not, our 
purpose to discuss the electrophysical and mathematical concepts upon 
which the determination of the electrical axis of the heart by the elcctio- 
eardiogram is based. A review of this material can be found in the 
report by Prodger and Davis. 3 A summary of the existing factual data 
and theoretical concepts in so far as they apply to the practical aspects 
of axis deviation, however, is desirable as a background tor the material 
to be presented subsequently. 

The electrical axis as determined by the electrocardiogram can be ex- 
pressed in one of two ways, either in terms of an angle with the hori- 
zontal, or by means of an index. The former was originally suggested 
by Einthoven, and later simplified for practical application by Carter, 
Richter, and Greene 2 to a graphic method based on Einthoven ’s equi- 
lateral triangle. Formulas for expressing the electrical axis in terms of 
an index have been presented by Lewis 4 and White and Bock.' There, 
is some difference of opinion regarding the normal limits of the electrical 
axis. When the angle is employed, both 0° and --10° on the one hand, 
and +90° and +300° on the other, have been considered the upper boun- 
daries for left and right axis deviation, respectively. With the index, 
values more positive than +20 or more negative than ~30 are usually 
considered as indicative of abnormal left and right axis deviation, re- 
spectively. The index is perhaps slightly more reliable for estimating 
significant left axis deviation, while the angle seems to express right 
axis deviation more satisfactorily. Both methods, however, are arbi- 
trary, neither is wholly reliable, and comparison of the two indicates 
that they are about equally satisfactory clinically. 

The reliability of axis deviation in the electrocardiogram as a method 
of estimating relative ventricular strain has been lested in the past: 
by comparing the axis deviation with (3) the relative post-mortem 
weights of the two ventricles, (2) the relative ventricular strain to 
be expected with the type of heart disease as diagnosed clinically, 
and (3) the relative size of each ventricle as shown by roentgeno- 
graphic examination. The number of llie.se studies is few, and the 
importance to be attached to them is in the order mentioned above. The 
difficulty of ascertaining the ratio of enlargement oT the ventricles roent- 
genologically, except when they are very abnormal, is familiar 1o any- 
one experienced with cardiac roentgenography. On 1 he other hand 
there is also difficulty in relying on current autopsy data, since ven- 
tricular volumes, as well as weights, undoubtedly should be taken into 
consideration. 

There exist only three reports based on anatomic studies. Lewis 4 and 
Cotton 0 compared axis deviation and the relative ventricular weights in 
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15 hearts and came to the conclusion that axis deviation as estimated by 
electrocardiography was a reliable method of detecting ventricular pre- 
ponderance, especially of the right ventricle. Later, Herrmann and 
Wilson, 7 as a result of similar studies on 59 hearts, questioned the 
validity of such a conclusion except in those cases in which considerable 
cardiac enlargement existed. The discrepancy in these results appar- 
ently rests upon the fact that both Lewis and Cotton used only eases in 
which there was marked cardiac enlargement. 

The conclusions of Herrmann and Wilson are worthy of mention and 
have been summarized as follows : 

1. The relative weight of the two ventricles is but one of many factors 
which influence the form of the ventricular complex of the electro- 
cardiogram. Its influence predominates only when the heart is greatly 
hypertrophied. There is no definite relation between the form of the 
ventricular complex and the relative weight of the two ventricles when 
the ventricular weight is below 250 gm. 

2. The chief factors which disturb the relation between the form of 
the electrocardiogram and the relative weight of the two ventricles, so 
it is suggested, are: (1) variations in the position of the heart, (2) 
variations in the arrangement of the ventricular conducting system, and 
(3) disturbances of intraventricular conduction. 

3. The form of the normal electrocardiogram is not determined by 
the relative weight of the two ventricles ; it is chiefly dependent upon the 
position of the heart and upon the arrangement of the ventricular con- 
ducting system; sometimes one, sometimes the other, of these factors 
exerts the greater influence. 

Just how much importance is to be placed on differences in the archi- 
tecture of the conduction system and differences in the rate of intraven- 
tricular conduction (excluding degrees which give bundle branch in- 
traventricular block) is difficult to ascertain at present. Such concepts 
are still based largely on theoretical grounds. 

The importance of the position of the heart with respect to axis devia- 
tion, however, is recognized clinically and has been firmly established 
experimentally. It is well known that the heart of the asthenic individ- 
ual is usually vertically placed in the chest and that when this is the 
ease there is a tendency for the electrical axis to deviate to the right, 
whereas the obese or stocky individual usually has a transverse heart 
with a tendency to left axis deviation. Further, it is true that roenl- 
genographic examination of the vertical heart in the anterior position 
not infrequently shows slight fullness or prominence in the region of the 
pulmonary conus. This can be explained anatomically by slight rota- 
tion of the heart to the left around its long axis, bringing into relief the 
conus pulmonalis and the base of the pulmonary artery. The relation- 
ship between the position of the heart and the electrical axis has been 
studied experimentally both by theoretical rotation of the human 
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heart, 5 - 9 which can be approximated by varying the position of the 
electrocardiographic loads, and by actual displacement experiments in 
animals. 10 ’ 11 It is generally agreed that displacement to the right or 
left alone causes no significant alterations in the electrical axis, but that 
rotation of the heart, particularly about its longitudinal axis, docs pro- 
duce significant axis deviation. Rotation to the left, about the longi- 
tudinal axis produces right axis deviation, while a reverse rotation 
causes the axis to deviate to the left. Meek and Wilson, 11 by correlating 
the anatomical studies of Groedel and Monckeberg’- and their own rota- 
tion experiments, bring out the significant point, that the changes in the 
anatomical relationships of the ventricles and septum which occur when 
there is hypertrophy of the right or left chamber are duplicated by 
rotation of the heart about the longitudinal axis. There scorns little 
doubt, then, that the position of the heart, in the chest, or, perhaps bet- 
ter, the relative position of the ventricles and septum in the thoracic 
cage, is of primary importance in determining the position of the elec- 
trical axis of the heart. 

Clinical studies 13 ' *• 14 have shown, as a rule, a correlation between 

the ventricular preponderance expected in a given type of heart dis- 
ease and the axis deviation. Prodger and Davis 3 have shown by roent- 
genographic studies that the correlation between axis deviation and 
type of heart disease is closer in enlarged hearts than in hearts of nor- 
mal size. This adds clinical support to the conclusions of Herrmann and 
Wilson. 7 Although there arc no specific studies to substantiate the fol- 
lowing, it seems certain that the degree and duration of the heart dis- 
ease and neutralizing valvular lesions, in so far as they cfi'ccl relative 
ventricular hypertrophy, are important factors in determining the de- 
gree of axis deviation. In this regard Thompson and White 15 have 
shown that in heart disease affecting primarily the left ventricle, par- 
ticularly when there has been chronic left ventricular failure, there is 
commonly right ventricular hypertrophy which sometimes counter- 
balances, in part or wholly, the left axis deviation, and in a rare ease 
is sufficient even to produce signieant right axis deviation. 

DISCUSSION OF PRESENT STUDY 

An analysis by ourselves of the relative frequency of right, and left 
axis deviation in 15,000 electrocardiograms showed that significant left 
axis deviation was approximately five times as frequent as significant 
right axis deviation. 0 This ratio undoubtedly would favor the former 
even more in those regions where rheumatic heart disease is not so 
prevalent as in New England. In our series, for example, rheumatic 
heart disease accounted for almost half (45.5 per cent) of the entire 
number of cases of right axis deviation. 

In Kates'? deV,at,on ° CCUrre(1 2 '<™ "Iille rteht axis deviation wnS r„ un(1 
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The distribution of our series of 200 eases of right, axis deviation m 
respect to the degree of axis deviation and the clinical condition of the. 
heart. (Table I) brings out several significant points. It is interesting 
that almost as many patients with right, axis deviation revealed no heart 
disease (37.5 per cent) as showed mitral stenosis (44.5 per cent). Also, 
it. is important to note that the degree of axis deviation which occurs 
normally exceeds the commonly acccplcd upper normal limits. Fur- 
thermore, it is evident that right axis deviation of more than -‘-109° is 
very rarely found normally, therefore, one is justified in considering 


an axis deviation 
heart disease. 


of 


i-lK) 0 or more as definite evidence of organic 


Right axis deviation without low voltage or wide QRS waves occurred 
in only seven cases of coronary heart disease, and even then, in only 
one case (autopsy) was the axis deviation of more than slight degree. 
In this case there was no post-mortem evidence of right ventricular 
strain, and the right axis deviation was in all probability due to the 
position of the heart. We believe thal in most instances of coronary 
heart disease right axis deviation is to he explained on this basis. The 
infrequency of right axis deviation with coronary heart disease is par- 
ticularly significant, since in this clinic the number of elect roeardio- 
grams taken on individuals with this type of heart disease is large. De- 
spite the unquestionably high incidence of coronary heart disease among 
the 6000 individuals, there were only 7 such cases in which there was 
right axis deviation. One must conclude, therefore, that the finding of 
right axis deviation in the electrocardiogram is strong evidence that 
the patient does not have coronary heart disease, and, consequently, 
every other etiologic possibility should he excluded before such a diag- 
nosis is made when right, axis deviation is present. In our series of 200 
instances of right axis deviation there were 2 cases in which coronary 
heart disease was diagnosed clinically, in both of which cor pulmonale 
was found at autopsy. 


As might be expected, patients with congenital heart disease showed 
the greatest proportion of high degrees of right, axis deviation, while 
those with mitral stenosis without, aortic regurgitation, and with aortic 
xegurgitation, followed in that order. One should recognize the fact, 
that in aortic regurgitation, when there is a mid-diastolic murmur, and 
the question arises whether this murmur is functional (Austin Flint) or 
due to mitral stenosis, considerable left, axis deviation favors the former, 
whereas no axis deviation or slight right axis deviation favors the latter! 

The age distribution in these cases (Table II) is consistent with that 
which is to he expected from the etiology of the heart disease The 
diminution m the number of subjects with normal hearts after middle 
age is probably to be attributed to two factors, first, the increase in the 
amount of coronary heart disease, either clinical or elect rocardiographic 
and, second, tlie tendency at this age for the body weight to increase! 
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which would cause the electrical axis of the heart to rotate toward the 
left, counterbalancing any pre-existing right axis deviation and in some 
individuals even producing some left axis deviation. 


Table II 


Distribution of 200 Cases of Right Axis Deviation With Respect to Age and 
Cardiac Status in Individuals Over 5 Years of Age 


AGE 

cardiac status j 

TOTAL 

NUMBER 

OF CASES 

NORMAL 

HEARTS 

RHEU- 

MATIC 

HEART 

DISEASE 

CORO- 

NARY 

HEART 

DISEASE 

CON- 

GENITAL 

HEART 

DISEASE 

COR 

PULMONALE 

i 

MISCEL- 

LANEOUS 

5 to 9 yr. 

1 

3 

0 

1 

0 

0 

5 (2.5%) 

10 to 19 yr. 

13 

20 

1 0 

9 

0 

1 

43 (21.5%) 

20 to 29 yr. 

30 

20 

I 0 


0 

5 

57 (28.5%) 

30 to 39 yr. 

16 

31 

1 


0 

0 

49 (24.5%) 

40 to 49 yr. 

! 9 

12 

2 


1 I 

0 

25 (12.5%) 

50 to 59 yr. 

3 

4 

2 

I 0 

1 

2 

12 (6.0%) 

00 to 69 yr. 

2 

0 i 

1 

0 

2 j 

0 

5 (2.5%) 

70 to 79 yr. 

i 

1 1 

1 

0 

i ; 

0 

4 (2%) 


The significant conclusions suggested by Table III may lie sum- 
marized as follows: (1) the tetralogy of Fallot always causes right axis 
deviation,* usually of a high degree; (2) an interventricular septal de- 
fect rarely causes any deviation of the electrical axis, and, if it does, the 
tendency is for right axis deviation to occur; (3) patency of the ductus 
arteriosus almost never causes right axis deviation, but may cause sig- 
nificant left axis deviation; and (4) in cor pulmonale there is always 
right axis deviation (or a tendency to right axis deviation), although 
not necessarily of a high degree. 

In conclusion, we wish to emphasize that axis deviation, and particu- 
larly right axis deviation, has a practical value which frequently is not 
appreciated. The significance of even a slight degree of right axis devia- 
tion should not be overlooked, since its proper evaluation may be of 
prime importance in leading to a correct clinical diagnosis. We believe 
that it is a wise rule to explain right axis deviation adequately in every 
instance. In persons with normal hearts, a vertical position of the heart 
in the chest or its rotation around its longitudinal axis toward the left 
by a thoracic or spinal deformity is the most important factor leading to 
right axis deviation, while in subjects with transverse or enlarged hearts, 
right axis deviation is almost always due to a cardiac defect which has 
led, either primarily or secondarily, to right ventricular strain. Ihe 
effects of position and of disease may be combined in the same case. 


SUMMARY 


1. We have made a clinical analysis of 200 cases in which the electro- 
cardiogram showed right axis deviation of more than +90°. excluding 

•In verv rare eases of the tctmlocy of Fallot there Is also a congenital dextrocardia 
which Inverts Lead I and so neutralizes the rinht axis deviation. 
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those with low voltage of the QRS complexes and intraventricular or 
bundle branch block. The most common findings were mitral stenosis, 
in 44.5 per cent of the cases, and no heart disease, in 37.5 per cent, leav- 
ing only IS per cent associated with other conditions. Congenital heart 
disease was the third most common finding, responsible for 7 per cent 
of the cases. 

2. The upper normal limit of right axis deviation we found to he 
-109°. except for 3 cases. We believe, therefore, that axis deviation 
of -i-110 0 . or more, practically always indicates organic heart disease. 

3. Of the 200 cases of right axis deviation, coronary heart disease was 
found in only 7 (3.5 per cent), and in only one was it of more than 
slight degree. The position of the heart in the chest, rather than right 
ventricular strain, probably accounts for this combination. In view of 
the fact that the incidence of coronary heart disease is high among pa- 
tients whose electrocardiograms are made in this laboratory, it is evi- 
dent that the finding of right axis deviation electrocardiographically 
is strong, though not conclusive, evidence that the patient does not 
have coronary heart disease. In such cases cor pulmonale, particu- 
larly. should be considered. 

4. An analysis of the electrocardiogram with regard to axis deviation 
in cases of cor pulmonale and of the most common types of congenital 
cardiac defects (tetralogy of Fallot, interventricular septal defect, and 
patent ductus arteriosus) led to the following conclusions: (1) the 
tetralogy of Fallot always causes right axis deviation, usually of a high 
degree, except when there is an associated congenital dextrocardia; 
(2) interventricular septal defect rarely causes any deviation of the 
electrical axis, and if it does, the tendency is for right axis deviation 
to occur; (3) patency of the ductus arteriosus almost never causes right 
axis deviation, but may cause significant left axis deviation; and (4) in 
cor pulmonale there is always right axis deviation (or a tendency to 
right axis deviation), although not necessarily of high degree. 

5. We believe that even a slight degree ol right axis deviation may he 
very significant and that its proper evaluation can be of prime impor- 
tance in leading to a correct clinical diagnosis. In the normal person a 
vertical position of the heart in the chest or its rotation to the left 
around its longitudinal axis by a thoracic or spinal deformity is the most 
important factor leading to right axis deviation; while in the case ot 
a transverse or enlarged heart, right axis deviation is almost always 
due to a cardiac defect which has led. either primarily or secondarily, 
to right ventricular strain. 
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THE PRECORDIAL ELECTROCARDIOGRAM IN MYOCARDIAL 

INFARCTION 

II. Observations ox Cases of Infarction of the Posterior Wall of 

the Left Ventricle 

Charles E. Kossmann, M.D., and Clarence E. de la Chapelle, M.l). 

Neav York, N. 1'. 

T HE purpose of this second article of a series is to describe the po- 
tential variations of the extremities and of the precordiuin 1, 
in two cases of infarction limited to the posterior portions of the left 
ventricle. The methods of studj 7 employed have been considered in 
Part I. 3 For reasons beyond our control the heart in Case 5 could 
not be grossly sectioned by the method devised by one of us (C. E. C.). 
It was otherwise examined as previously described. Standard and 
special electrocardiograms in Case 6 were recorded simultaneously 
with Lead I, and the time between the beginning of QRS in this lead 
and the intrinsicoid 4 deflection measured. Since these have no relation 
to the problem under consideration they are to be disregarded. 


report of cases 

Case 5. — B. G., a (jo-year-old white woman, knew that she had had hypertension 
for three years and diabetes mellitus for one year prior to admission. She had 
no cardiac symptoms until Sept. 29, 193(5, when weakness and vague pains in the 
chest appeared. The following evening, and again on the morning of Oct. 2, she 
vomited about a pint of dark red blood. After the second hcmatemesis she was 
admitted to the hospital, conscious, but showing evidences of recent blood loss, 
namely, cold, clammy skin, ventricular and pulse rates of 120 per minute, and a 
blood pressure of SG/5G. The rectal temperature was 98.8° F. The heart sounds 
were distant. Numerous premature systoles occurred pnroxysmallv. Abdominal 
examination was negative on admission. There was no evidence of congestive 
heart failure. 

During her two weeks in the hospital nine blood examinations showed that the 
average number of erythrocytes was 3.0 million and that the average hemoglobin 
value was 10 gm. The leucocytes ranged from 13,500 to 24,250, with polymorpho- 
nuclear leucocytes varying from S3 to 93 per cent. The urine contained protein 
(2 plus), and occasionally a trace of sugar. The blood sugar content, determined 
twice, was 267 mg. per cent. The nonprotein nitrogen content of the blood was 
100, 12S. and G4 mg. per cent on three different occasions. At first the stools were 
tarry and gave a positive reaction with benzidine. Two cultures of the blood 
showed no growth after five days. The blood Wasscrmann reaction was nega- 
tive. The mean blood pressure for two weeks (daily readings) was 125/GS. 

Therapy directed toward replacement of blood loss caused temporary improve- 
ment and a rise in blood pressure. On Oct. 5 the patient became restless and 
complained of discomfort under the lower portion of the sternum. For the first 
time, a tender, globular mass was palpated in the right upper quadrant of the ab- 
domen. Long periods of stupor, with brief remissions, ensued. A sharp rise in 
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rectal temperature, to 105° F., followed eacli of two direct transfusions ol. u00 
c.c. of blood, given Oct. 6 and Oct. 8. Toward the end a bilateral suppurative 
parotitis developed. Bales in the bases of the lungs and pretibia] edema were 
observed during the patient’s stay in the hospital, but the edema disappeared be- 
fore death, which occurred Oct. 14, 1036. 

It could not be determined when occlusion of a coronary artery occurred, but 
from a consideration of the available facts and electrocardiograms, it appeared to 
have been some time between Sept. 29 and Oct. 5, 1036. 

Necropsy . — The heart weighed 320 gm. The mitral and aortic valves were thick- 
ened, and the mitral annulus calcified. The wall of the left ventricle measured lo 
to 17 mm. in thickness in most locations. The endocardium was smooth through- 
out but was discolored in an area about 3 cm. in diameter on the posterior wall of 
the left ventricle behind the posterior leaflet of the mitral valve. This area also 
included the posterior portion of the interventricular septum and extended as high 
as the mitral annulus. The discolored myocardium under it extended to the cpi- 
cardium, and was 6 to S mm. thinner than other parts of the wall. Microscopic 
examination showed that it consisted of necrotic myocardium with young connective 
tissue at its margins. The remainder of the left ventricle contained microscopic 
areas of focal fibrosis. 

The left coronary artery was patent at its origin. In the ramus descendens an- 
terior were several eccentric plaques, some of them calcified, which reduced the 
lumen to less than one-tliird of normal at points 3 cm. and 7 cm. from its origin. The 
left circumflex was a small, though thin-walled, vessel. The right coronary showed ec- 
centric intimal swellings throughout. Six cm. from its origin hyaliniml intimnl 
connective tissue made considerable encroachment on the lumen, and in the next 
centimeter of the vessel’s extent the lumen was occluded by a fresh, organizing 
thrombus. Beyond the thrombus no gross or microscopic disease was found. 

Electrocardiograms . — Four standard electrocardiograms were recorded between 
Oct. 5 and Oct. 10. The first of these showed the typical Q 3 T 3 contour usually as- 
sociated -with recent infarction of the posterior wall of t he left ventricle (Fig. 1). 
There were a deep Q wave in Leads II and III, low amplitude of the initial ven- 
tricular deflections in Lead II, a depressed ES-T segment in Lead I, and an elevated 
ES-T segment in Leads II and III. The P-E interval was 0.24 second in the first 
curve, and 0.16 second, or less, in subsequent ones. The last elect rocardiognun taken 
showed less of the earlier ES-T displacement, and a considerable diminution in 
amplitude of all deflections. Auricular, blocked auricular, and ventricular prema- 
ture systoles, and shifting of the pacemaker within the sinoauricular node were pres- 
ent in the earlier curves. 

The extremity and precordial potentials (Fig. 1) were taken Oct. 7, 1936. In the 
former, the deep Q wave in Lead V P was the only abnormality. Slight, reciprocal 
displacement of the BS-T segment in Leads V L and V r was noted. The precordial 
potentials were recorded with the string sensitivity at seven-tenths normal (1 mv. 
= 0.7 cm.). . There were no abnormalities of the initial ventricular deflections. 
The T wave in Leads V„, V 3 , and V, was abnormal. 


Case 6.— A 53-year-old white man was admitted to the hospital on four dif- 
ferent occasions. The first was in November, 1933, because of the sudden onset 
of paresis of the extremities, loss of speech, incontinence of urine, and stupor. 
These symptoms disappeared after forty-eight hours. Clinical and laboratory 
study revealed hypertensive neuroretinopathy, proteinuria, anemia, a blood non- 
protein nitrogen content of 45 to 50 mg. per cent on various occasions, and a 
mean blood pressure of 163/89 over a period of two weeks. The fasting blood 
sugar value was 215 mg. per cent, and on one occasion glycosuria was present. 
The Wassermann reaction on the spinal fluid was weakly positive (1 plus) and 
on the blood, negative. ' 
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On Dec. 25, 1033, the patient had a sudden attack of dyspnea. He was read- 
mitted to the hospital three weeks later because of complaints referable to 
diminished cardiac reserve. The heart sounds were distant and a systolic mur- 
mur was heard at the apex. A teleroentgenogram showed enlargement of the 
heart and dilatation of the aorta. The mean blood pressure for another period 
of two weeks was 1S0/100. He was symptomatically improved after a short rest 
in bed. 



Eig. 1. — Standard and special electrocardiograms in Cnse ■>, patient f>o > 
age. The exact time of the coronary occlusion could not be ascertained bill 
definitely less than one week before the curves were taken. In the special err cir- 
cardiograms an upward deflection represents positivity of the exploring ciecirouc. 
The sensitivity of tire string for the standard leads and for the extremity poll ntj il- 
ls normal, for the precordial potentials seven-tenths normal (1 mv. — 0.< cm.;. J,n 
lines occur every 0.2 second. 


The patient was seen briefly in May, 1034, for progressive blindness in the left 
eye due to cataract and retinitis. He was not heard from again until con- 
gestive heart failure and uremia appeared in March, 1035. The letter was pre- 
sumably precipitated by an ascending infection of the genitourinary tract, and 
by retention of urine due to a urethral stricture. Death occurred in coma on 
April S, 1 035. The nonprotein nitrogen content of the blood was 00 mg. per cent. 

The time when myocardial infarction occurred was uncertain, but it vas pos- 
sibly in December, 1033. 
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Necropsy. —-The heart, weighed (iOO gm. The thickness of the wall of the light 
ventricle varied from 5 to 8 mm.; of that of the left ventricle from 1G to 22 mm.; 
and of the interventricular septum from 20 to 25 nun. No evidence of infarction 
was found until the transverse sections were made. Small areas of fibrosis were 
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Ihe morbid anatomy of the coronary arteries was as indicated in 1 %. 3 T , 
artery of supply to the scar in the posterior wall of the left ventricle described 
above was the ramus marginis obtusi. It was occluded by atherosclerosis at its 
ongin from the left ramus circumflexus. Moderate atherosclerosis was present in 
all of the major coronary branches, as indicated in the figure. The ramus descended 
posterior aiose anomalously from the left coronary arterv. 



fUj Atherosclerosis 

Atherosclerosis with calcium 

I'M Atherosclerosis vdth diminution 
* * of lumen to less than one-third 

■ Complete occlusion 


1C. 



Fig:. 3. Diagram of coronary arteries in Case C. The ramus descendens posterior 
111 ises anomalously from tlic left coronary artery. L. C., loft coronary arterv • A n 
ramus descendens anterior; A. M. O., ramus margins obtusi; P. D„ ramus decendenV 
posterior ; It. C., riglit coronary artery ; A. V. D. P„ ramus vontricuius dexter posterior. 



Fig. I. — Standard electrocardiograms in Case G, taken approximately fifteen months 
apart. Tire string sensltfvitv is norma). Time lines occur every 0.0 i sec. 


Electrocardiograms . — Standard electrocardiograms were recorded .Tan. 35, 3 9114 . 
and April 5 and (>, 1935 (Figs. -1 and 5). The first showed a marked sinus ar- 
rhythmia and shifting of the pacemaker within the sinus node; the others showed 
a normal sinus rhythm. The difference between the initial ventricular deflections 
in the first curve (Fig. -i) and the last two (Figs. -1 and 5) is in part attributable to 
the fact that the former was taken with the patient seated, the latter while he was 
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supine. In the second and third electrocardiograms, however, the inverted T wave 
in Leads I and II could not be ascribed to change m posture alone (1< jgs 4 and o). 

Precordial and extremity potentials (Fig. 5) were recorded on April 6, 19o5, after 
the patient had received twelve cat units of digitalis by mouth. This amount had no 
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effect on the T wave of the standard leads, and probably little, if any, on the 
T wave of the special leads. The initial ventricular deflections were not abnormal 
in the chest leads. The T wave in Leads V„, V.. V 3 . V„ and V. was abnormal. 

DISCUSSION 

In accordance with the laws governing electrical currents in volume 
conductors ,' " b an electrode on the chest will he influenced most hv those 
muscle elements closest to it. The truth of this is borne out hv the 
change in contour of the ventricular complex as an exploring elec- 
trode is placed on various parts of the exposed animal 2 - P - 10 or human 55 
heart, or on various parts of the animal"- 50 or human 50 - 12 - 13 pro- 
cord ium. The initial positive deflection, or R wave, of the precordial 
electrocardiogram is ascribed to the passage of an action current from 
the endocardium to the epicardium of the muscle near the exploring 
electrode. 14 It would he expected, therefore, that electrically in- 
active muscle in the posterior or diaphragmatic regions of the heart 
would have little effect on the initial ventricular deflections of the pre- 
cordial electrocardiogram, provided' that the muscle of the anterior 
wall were normal. Cases 5 and 6 are examples. Others have been 
reported which substantiate these considerations. 5 -"'- 50 

The origin of the deep Q wave in Leads II and III in Case 5 is partly 
brought to light by a consideration of the extremity potentials 
(Fig. 1). In a series of thirty normal subjects, 12 the largest Q wave 
encountered in Lead Vp was 0.12 mv. In Case 5 it was 0.40 mv. Al- 
though the infarct was described as being in the posterior wall of the 
heart, actually, with the heart in the body, it must have been close to. 
or even resting on, the diaphragm, making its relation to the left leg 
such that, in effect, this extremity was a semidirect lead from the 
cavity of the left ventricle. p It was, therefore, negative for the greater 
part of the QlhS interval. Since Lead II is Lead Vp minus Lead Vp, 
and Load ITT is Lead Yp minus Lead Vp, the reason for the deep 
Q wave in the standard leads becomes clear when the extremity 
potentials are examined (Fig. 1 ). This wave is smaller in Lead 11 than 
in Lead HI because t ho potential of the right arm is, in the main, 
negative during the QRS interval, a fact attributed 1o the circum- 
stance that the right arm is attached to the trunk opposite the auric- 
uloventrieular orifices at the base of the heart. 52 If the peak of S in 
Lead Y n were simultaneous with the peak of Q in Lead \p. the flow 
of current through the string would he slight or absent, and it is likely 
that no Q wave would he found in Lead 1 1. In this instance, however, 
the peak of S occurred somewhat later and was approximately si- 
multaneous with, and therefore responsible for. tin- first apex of the 
I? wave in Lead II. Thus, the Q wave in Lead II depends almost en- 
tirely upon the negative variation in potential of the left leg. In 
Lead 111. on the other hand, it is almost equally dependent upon the 
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negative potential of the left leg and the simultaneously positive po- 
tential of the left arm. 

Abnormalities of the final ventricular deflections (RS-T) of the chest 
leads in Case 5 are more difficult to explain than the. absence of the ab- 
normalities in the initial ventricular deflections. Changes in these 
waves are sometimes extreme in cases of infarction of the posteiioi 
wall; 17 in others they are absent. The reasons for these differences in 
the electrocardiograms of patients with similar myocardial lesions are 
at present unexplained. 

The cause of the T-wave abnormalities, both in the standard and 
special leads in Case 6, is not clear. It is probable that ventricular 
hypertrophy, coronary insufficiency, azotemia, and unknown factors 
played some part. Considering the nature of the myocardial disease 
and the inverted T wave in head I, it is unlikely that the infarct in 
the posterior wall was in any way related to the abnormalities noted in 
the final ventricular deflections. The curves emphasize the fact, that 
T-wave changes may be marked without recent infarction to account 
for them. These deflections in the chest leads in Case fi are to be 
compared with the same leads in Case 4 of Part T. 3 The difference 
between the two is that the T wave in the former is strikingly nega- 
tive only in those precordial leads (Vj and V.-,) with a large R wave. 
It will be recalled that the heart in Case 4 showed an infarct in Ihc 
anterior interventricular septum. 

SUMMARY 

The potential variations of the extremities and of six prceordial 
points were correlated with the pathologic changes in Ihc hearts in two 
cases. In the first, a recent infarct extended through Ihe basal portion 
of the posterior wall of the left ventricle and involved the adjacent 
interventricular septum. In the second, a small, healed infarct, sur- 
rounded by healthy muscle fibers, was present in the basal half of the 
posterior wall of the left ventricle. 

Infarction of the extent found had no appreciable effect on the initial 
ventricular deflections of the precordial electrocardiograms. In the first 
case the potential of the left leg (Lead V,,) was, in the main, negalive 
during the inscription of the initial ventricular deflections, presumably 
because the dead muscle was so oriented that the left leg was a semi- 
direct lead from the involved area. It is pointed out that this circum- 
stance was the one responsible for the deep Q wave in Load IT. and in 
part for the deep Q wave in Lead III. 

The T-wave abnormalities could be attributed in the case of recent, 
infarction (Case 5) to no anatomic cause other than the infarct itself 
In the second case, the T-wave abnormalities were probably not, related 
to the infarcted muscle. 

(References at End of Part III) 



THE PRECORDIAL ELECTROCARDIOGRAM IN MYOCARDIAL 

INFARCTION 

III. Observations on Cases in Which the Lesions Were Diffuse 

Charles E. Kossmanx, M.D., and Clarence E. de la Chapelle, AI.D. 

New York, N. Y. 

A BNORMALITIES that may be observed in the precordial elect ro- 
cardiogram when there is infarction of the anterior or posterior 
portions of the heart have been considered previously . 3 ’ 18 The present 
article deals with the potential variations of the extremities and of the 
precordium in three cases in which the cardiac changes were diffuse. 
The methods were the same as those used in the previous studies . 3 - 18 


REPORT OF CASES 


Case 7. — M. D., a 45-year-old white woman, had polyarthritis at the age of 23 
which incapacitated her for six weeks. Thereafter mild joint pains recurred for 
three or four years. At the age of 43 she was told she had hypertension. It was 
not until she was 45 that she had cardiac symptoms. The first, of these were sub- 
sternal pain and dyspnea on effort in August, 1934. Progression in the severity 
of these symptoms made her seek the advice of a physician about the middle of 
October, 1934. Digitalis and rest in bed caused no improvement. 

At 1 A.sr. on Oct. 25, the patient had a severe anginal attack accompanied by 
nausea, vomiting, and collapse. Soon afterward she was admitted to the hospital 
with pulmonary edema and in shock. The heart sounds were inaudible. The pulse 
rate was 11G per minute. The blood pressure was 9S/70. 

The patient partially recovered within the next few hours. During the eighteen 
days in the hospital, however, attacks of substcrnal and precordial pain, usually 
accompanied by dyspnea, cyanosis, nausea, retching, cold sweat, apprehension, 
rapid pulse rate, and fall in blood pressure occurred almost daily. These would 
continue for about thirty minutes. When the heart sounds were audible, they 
were of poor quality. A systolic murmur, a prccordinl friction rub, and gallop 
rhythm were noted at one time or another at the cardiac apex. 

The mean blood pressure while the patient was in the hospital (seventeen daily 
readings) was 108/74. The rectal temperature did not exceed 100.0° F. at any 
time. A blood Wasscrmarm reaction was strongly positive (4 plus). 

The patient died during one of the anginal episodes on Nov. II, 1931. three 
months after the onset of cardiac symptoms. 

Necropsy . — The heart weighed 340 gin. There were several small, opaque, fibrous 
epicardial patches. The mitral leatlets were vascularized, somewhat thickened by 
fibrous tissue, and partially fused at the commissures. The myocardium was soft 
and flabby. In the transverse sections a large scar could be seen extending from 
epicardium to endocardium in the posterior wall of the left ventricle, near the apex. 
Toward the base, minute scars were visible in various parts of the left ventricle. 
In the anterior wall of this chamber, and in the anterior portion of the interventricu- 
lar septum of the apical sections, the subendocardial myocardium was mottled by 
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dark red, irregular patches. Three centimeters above the apex this mottling involved 
the inner half of the entire left ventricular wall and the loft side of the anterior 
one-third of the interventricular septum (Fig. 1). Microscopically, the dark 
areas consisted of focal hemorrhagic necrosis with early replacement fibrosis 
which was discernible especially in the posterior wall. The myocardium of 
the anterior and lateral walls of the right ventricle was extensively infiltrated 
with fat. 

Occlusive disease of the coronary arteries was limited to the ostium and first 
centimeter of the left main stem. The margins of the ostium were elevated by 
intinial atheroma. The point of a cartilaginous spicule, 4 mm. in length, pro- 
truded from the orifice. The spicule was attached to the walls of (he left coro- 
nary arteiy about 3 mm. from the ostium, and almost completely occluded its 
lumen. In the remainder of its extent the lumen of tlic artery was greatly re- 
duced in size by intimal thickening. Microscopically, the lesion consisted of 
irregular intimal and adventitial fibrosis. Some of the vasa vasorum in the aorta 
adjacent to the mouth of the left coronary showed hypertrophy of the media. 
There was no evidence of syphilitic mesaortitis. The ramus descendens and the 
ramus circumflexus of the left coronary artery were free from disease. Slight 
focal intimal thickening was present in the right coronary artery near its origin. 





Electrocardiograms .- Eight standard electrocardiograms were taken between 
c . 2o and Nov. 7, 1934. All showed sinus rhythm with occasional ventricular 
P emature systoles, and a P-R interval between 0.23 and 0.25 second. The rate of 
ie auricles and of the ventricles ranged between 100 and 12 0 per minute In all 
curves the mean electrical axis was deviated to the left and made an angle with the 
lorizontal (angle alpha) of approximately -38°. The initial and final ventricular 
deflections were much as they are in the standard leads of Fig. 2 except that in 
the later curves RS-T displacement was less pronounced The <? ™ . . ln 

Lends a nnd m, „« no Q ™ p Zcnt 'end T ' rr ° ,m ” nl 

Potential variations of the extremities o-nri « -»* 

„ nnd *, T1 ,e 
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on the latter date are shown in Pip. 2. The potential of the left arm was positive 
lor the most part, during the inscription of the initial ventricular deflections. The 
RS-T segment showed slight positive displacement in Lead V,., and slight nemo 
tive displacement in Lead V r . In Leads V lf Y., V„ and V E the only initial deflec- 
tion was a Q wave. The first limb of this deflection was prominently notched in 
Lead V.. The B wave in Lead Y< and the RS (intrinsicoid) deflection in Lead V, 
and Lead V, were abnormally small. The T wave was almost isoelectric in all 
of the precordial leads. 


Cask 8.— G. C., a 52-vear-old white man. had an attack of “acute indigestion.” 
characterized by low substernal and epigastric pain, accompanied by dyspnea, in 
192S, as a result of which he was in a hospital for five days. Thereafter, lie re- 
mained well until paroxysms of dyspnea and substernal pain appeared in 193-1. 
These symptoms gradually increased in frequency and severity. At 10 r.M. on 
Jan. 1G, 1935, a severe attack of pain and dyspnea occurred which lasted for live 
hours. He was admitted to the hospital Jan. 17, soon after its onset, ne was 
dyspneic, orthopneic, and cyanotic. Rales were present in both pulmonary bases, 
and there was slight pretibial edema. The heart was greatly enlarged. At the 
apex the first sound was snapping. The ventricular and pulse rates were 9G per 
minute; the beating was regular. The blood pressure was 1G5/92 and stayed ap- 
proximately at this level for the remainder of the patient's life. Two blood 
Wassermann reactions were moderately (2 plus) and doubtfully (plus-minus) 
positive, respective!}'. 



Elm 2. — Standard and special electrocardiograms In Case 7, patient -15 years of age, 
recorded Oct. 27, 193-1, two weeks before death. An unknown amount of digitalis had 
been taken by mouth. Standard leads and extremity potentials were recorded with 
the string at normal sensitivity ; prccordial potentials were recorded at half-normal 
sensitivity. An upward deflection represents relative negativity of the exploring 
electrode. Time linos occur every 0.2 second. Tiie electrocardiograms reproduced in 
Figs. C and 7 were similarly recorded. 


The patient improved with rest in bed but continued to have dyspnea which 
was worse at night. On .Tan. 2G he had a slight rise in temperature and com- 
plained of a sore throat. The pharynx and tonsils were inflamed. A hemolytic 
streptococcus grew in the culture of the throat swabbings. Three days later, at 
S p.m., the patient had a severe paroxysm of dyspnea. On Jan. 50 digitalis was 
started, but no improvement occurred. He died suddenly on Feb. S, 1955. 
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Xccropsy . — The heart weighed (110 gm. The visceral and parietal pericardium 
were firmly adherent over the bulging apex and adjacent anterior wall of the left 
ventricle (Fig. 3). The endocardium of the left ventricular apex, the anterior 
interventricular septum, and the anterior wall was pale, thick, and opaque. The 
endocardium of the posterior wall of this chamber and of the nearby septum was 
dark red in color, and the underlying muscle felt softer than elsewhere. The 
right ventricle was hypertrophied; its wall measured 1..1 cm. in thickness in its 
posterior basal portion. 
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basal extremity of tlie posterior wall, there was a lesion of somewhat different 
nature (labeled B in sections 5 and 0). Grossly, it had a dark red, patchy ap- 
pearance. It was confined largely to the inner half of the wall and extended some- 
what into the left side of the posterior part of the septum. Microscopically, it con- 
sisted of scar tissue containing large blood-filled sinusoids and extensive aieas of 
hemorrhage. Near the apex, fresh granulation tissue was seen in the posterior wall, 
replacing a small area of necrotic muscle cells. 

The coronary arteries were extensively diseased (Fig. 5). The first two centi- 
meters of the ramus descendens anterior contained a hynlinized, calcified plaque 
which decreased the lumen to about one-tenth of its original size. Beyond this ob- 
struction the wall was thick and calcified. The first portions of the ramus circum- 
flexus and of the ramus marginis obtusi were atherosclerotic. The right coronary 
artery was stenosed at points 0.5 cm. and 5.5 cm. from its origin. Elsewhere there 
were patchy sclerosis and calcification. Its ramus descendens posterior was calcified 
in its entire extent, but a sizeable lumen remained. 

Electrocardiograms . — Four standard electrocardiograms were taken between Jan. 
18 and Feb. 6, 1035. All showed sinus rhythm and a rate between 85 and 110 
per minute; a QRS interval of 0.0S to 0.09 second; and a considerable deviation 
of the electrical axis to the left (angle alpha of approximately -40°). The initial 
ventricular deflections were similar in all. The Q wave in Lead I and the R wave 
in Leads II and III were minute deflections, and in some curves an R wave could 
not be distinguished in Lead II. The S wave in Lead II was slurred, in Lead III, 
deep. The T wave was inverted in Lead I, isoelectric in Lend II, and upright in 
Lead III. Only minor differences in this deflection could be discerned in suc- 
cessive electrocardiograms before the administration of digitalis wns started. 



Atherosclerosis 


Atherosclerosis with calcium 


n Atherosclerosis with diminution 
of lumen to less than one-third 

Complete occlusion 


L.C 



ramus desefndens posterior ’ S emonary artery ; A. A., rami auricularis ; P. n„ 


Extremity and precordial potentials were recorded Jan. 21 1935 (Eijr q\ 
Abnormalities in the former were the small T wave in Lead V n , the large R wave 

tr' ^ a a T tllG deeP Q WaVe in Lead V >" Abnormalities in the initial ven- 

four QRs'deTe'r 8 ^ WWe tho Sma11 R in Leads V. and Y„ the 

four QRS deflections rn Lead V„ and the deep S wave in Lead V r . * Of the final 

ventncular deflections, the diphasic T wave and the negative T waVe in Leads V 

whth 5 Csn C red e oior re * 7 ** " ***"* the QRS interval * Lead vj 

S sa” ' *° *“ in n. measured 
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Case 9. — F. C., a 62-year-old white man, was admitted to the hospital Mnv IS, 
1936, with congestive heart failure. His mental state was such that a reliable 
history could not be obtained. He indicated, however, that he had substernal 
pain. 

The heart was enlarged; the sounds were of poor quality. A systolic murmur 
was heard at the apex, another at the base. The ventricular and pulse rates were 
80 per minute. The beating was regular. The blood pressure was 130/30 and 
averaged 137/63 during the next two weeks. Respiration was of the Cheyne-Stokes 
type. 

Lethargy and dyspnea were prominent symptoms. Digitalis, begun on May 18, 
was without effect. Splenic enlargement and conjunctival peteehiae were noted 
a few days after admission. A low-grade fever was present. Blood cultures were 
positive for the Streptococcus viridans on three different occasions. AVassermann re- 
actions on the blood and spinal fluid were negative. 

Somnolence rapidly deepened to stupor. The patient died May 31, 1936. 



Kip. G.— Standard leads (I. II, III), extremity potentials (Vis. Vi„ Vr), 
cordial potentials (V,. V:, V,. V«, Vs. Vr.) In Case S, patient 52 years of apt, 
Jan. 21, 193.", eiphteen days before death. 


nnd pre- 
recorded 


A 'ccropsp . — The heart weighed 300 gm. There was slight sclerosis of the mitral, 
aortic, and tricuspid valves. Vegetative endocarditis ( Streptococcus i it idiws)^ in 
volvod the mitral and aortic leaflets, the chordae tcndincae of the anterior mitral 
leaflet, an area, 2 cm. by 2 cm., of the left auricle just above the po-terior mitral 
leaflet, and a small patch. 0.6 cm. by 1.0 cm., on the left side of the interventricular 
i-optum, 0.,*! cm. below the aortic valve. 

Gro^Iv, the myocardium showc<l little. The lateral wall of the left % nitre f 
measured IS to 20 mm. in thickness; that of the right ventricle, 5 to 7 mm. The 
transverse sections showed slight subendocardial discoloration in the left ventricle, 
focal endocardial thickening, and focal myocardial fibrosis. On micro-copie section, 
however, there were miliary foci of ncro-is. some undergoing replacement fd.ro-m. 
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,b,„«gb„»t both ventricle, and auricle. These were e.peeinUy prom. 
Z7Z tended to be eonUnen, in the snbendeeardia, ^ , l 

ventrieie. a ~ 

t,"3 eer both ventride,. Tbe ,«*- areas were 

infiltrated by lymphocytes and histiocytes. , 

The coronary ostia were widely patent. The intima of the ramus doscondci s 

anterior was thickened by eccentric hyalinized plaques 

from the vessel's origin, reduced its lumen to a diameter of 1 mm. This e e 
stenosis extended distally for 0.5 cm. The left ramus c.reumflcxus and the right 
coronary artery showed intimal atheroma in the first few centimeters, but neither 
of their lumina was appreciably reduced in size. 



Fi §- 7.— i Standard and special electrocardiograms in Case 9, patient 62 years of age, 
recorded eight days before death. A therapeutic dose of digitalis had been administered 
in the preceding five days. 


Electrocardiograms . — Six standard curves were recorded between May 18 and 28, 
1936. Only the first of these was obtained before the administration of digitalis was 
started. The heartbeat bad its origin in the sinoauricular node and was regular in 
all. The rates varied between 90 and 100 per minute. The P-R and QRS intervals 
were within normal limits. The amplitude of the initial ventricular deflections was 
low (Fig. 7). In the first electrocardiogram the T wave was low in Lead I, iso- 
electric in Lead II, and small, but inverted, in Lead III. In all subsequent curves 
this deflection was inverted in the three leads, though small in Lead III (Fig. 7). 

The extremity and precordial potentials (Fig. 7) were recorded May 23 five 
days after the administration of digitalis was begun, and eight days before the pa- 
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ticnt (lied. A deep Q wave in Leads V, and V r . a small 15 wave in Leads V.. V,. ami 
\ ( , and a negative T wave in Leads V, and V. were the significant abnormalities 
in the precordial leads. The extremity potentials were small, and the positive T wa\e 
in Lead A R was abnormal. In the special leads little significance could be attached 
to the abnormal final ventricular deflections because the patient was digitalized. 

DISCUSSION 

The QRS complexes in the chest leads in Cases 7 (Fig. 2) and 9 
(Fig. 7) were rather similar in form. The chief difference between 
the two was the small R wave in Leads V 2 and V : . of the latter. In 
Lead V a , in Case 7 (Fig. 2), the R wave was presumably represented 
by the notch on the first limb of the Q wave. 

The resemblance of the disease of the myocardium in these two 
cases was also striking. In both there was myocardial necrosis which 
was diffuse but principally located in the subendocardium of the 
anterior part of the left ventricle. In Case 9 there were, in addition, 
scattered foci of subacute productive myocarditis. From what was 
said about the R wave in Part I, 3 it seems plausible to assume that 
the small size or absence of this deflection in several of the leads in the 
cases under discussion was due to this necrosis. 

The changes in QRS of the precordial electrocardiograms were prin- 
cipally in leads from the right side and midportion of the chest. In 
both of the cases there were lesions in the right ventricle. In one it was 
extensive fatty infiltration; in the other it was focal myocardial 
necrosis. It cannot be stated that this disease in the right ventricle 
had any effect on the chest leads, because, as previously noted, 3 the 
R wave may be absent or diminished in size in leads from the right 
side of the prccordium when disease of the myocardium is limited to 
the left ventricle and septum. That more marked abnormalities of 
QRS were not found in leads from the left side of the prccordium is 
probably due to the fact lhat the lesions were principally in the 
anterior part of the heart. 

Case 8 is unusual in several respects. Considering the extent of the 
lesion found at necropsy, it is somewhat of a surprise that more 
marked abnormalities were not present in the extremity and pro- 
cordial potentials. Tn Lead Yp the only QRS deflection was a Q wave, 
0.8.") mv. in size. In the only other case of the series in which this ab- 
normality existed there was a fresh infarct on the posterior wall of the 
left ventricle (Case .7, reference 8). In Case 8 the lesion on the pos- 
terior wall was a scar into which hemorrhage had recently occurred. 
It would seem that a Q wave in Lead Yp is of some value in localizing 
electrically inactive muscle in the posterior (diaphragmatic) wall of 
the heart. 

Tn the chest leads in Case 8 tin* small R wave was again the most 
notable feature. The low. though broad, negative deflection ill Lead 
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y it which ordinarily would bo designated as Q, was in this instance 
preceded by a minute positive deflection, an explanation for which is 
lacking. 

The QRS interval of O.lOti sec. in Load V ;t . compared to an interval 
of 0.0S8 in Lead 111, is of interest. Such a discrepancy must, ocean- 
more frequently than is suspected, for the standard leads represent 
the difference in potential between two extremities, and if the po- 
tential of these extremities varies in a similar manner either at Ihe 
beginning or end of the initial ventricular deflections, no current will 
flow through the string, and the QRS interval will be correspondingly 
shortened. Further, the standard leads record electrical forces in the 
frontal plane, or those making a relatively acute angle with this plane. 
Currents generated in the anteroposterior plane affect all three ex- 
tremities similarly. Therefore, they cause no deflection in the stand- 
ard leads but may cause a sizeable one in the chest leads. This would, 
conceivably, account for variations in the QRS interval in the two 
types of leads. Differences in the duration of QRS in different chest 
leads arc due, at least in part, to this same factor. 

The factors responsible for abnormalities of the T wave in the eases 
just discussed are so numerous that more than mention of them does 
not seem justified at this time. 


SUMMARY 

The potential variations of the extremities and of six preeordial 
points were correlated with the diffuse lesions found in the hearts in 
three cases. In two of these the changes were similar. In one they 
consisted of disseminated miliary necrosis and foci of subacute pro- 
ductive myocarditis in both ventricles; in the other there were acute, 
healing, and healed focal necrosis of the left ventricle and septum, and 
fatty infiltration of the right ventricle. The QRS complexes of the 
special electrocardiograms were similar to each other in these two 
cases and simulated those seen with various degrees of infarction of 
the anterior wall of the left ventricle. In the remaining case the in- 
farct consisted of old fibrous tissue, located anteriorly and posteriorly. 
The posterior portion was elect rocardiographically reflected in the 
extremity leads by a deep Q wave in Lead V,.-. The anterior portion 
was held responsible for the low R wave in leads from the right side 
and midportion of the preeordium, and for a prominent early negative 
deflection in Lead V.,. 
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T.WKSTHJA TORS him* hitherto relied unduly on electric shock to 
1 produce cxporiuientjt) ventricular fibrillation. ’• ”• :1, ‘ For (juantita- 
tive studies the intensity of electrical stimulation necessary to produce 
ventricular fibrillation under varying conditions has been determined, 
and electrocardiograms have been obtained either by limit leads, or 
directly from the exposed heart. Extensive studies-- ' have been made 
of the effect of drugs on electrically produced fibrillation. 

With these methods, however, many complicating factors are involved, 
since the heart may also be affected indirectly by ehnttjres produced in 
other parts of the body. The aim of the present study was to confine 
the action to the heart alone, so as to be able to determine a ‘‘fibril- 
lation level" for the myocardium under standard, controlled conditions. 
For this purpose the isolated, perfused heart was used, and ventricular 
fibrillation was produced by the action of barium chloride. 


>n niton 

The heart of the cut, dog, or rabbit was isolated immediately after death by 
bleeding and \vn« j>erfte-ed through the coronary system with oxygenated Locke's 
solution by a modife-at ion of the LnugcudorfT method. The temperature of the 
heart and perfusing Until was kept constant at .'S' (’. by means of a water bath 
and warm chamber coat rolled by a thermostat, and the perfusion prc-Mire wn» 
maintained tit SO mm. Hg for the rabbit heart, and loo mm. Hg for the rat or 
dog heart. Slight changes of the perfusion p re? - tire did not nppear to nflVet 
the results. Perfusion was roatianed iisnnUy for ten or fifteen minutes, until the 
heart was beating steadily, and the coronary flow, measured approximately by 
collecting the outgoing fluid, was constant. Then, without alteration of pressure 
or temperature, tin* perfusate was changed to Locke's solution containing U.’J 
per cent barium chloride, and the outgoing fluid was collected from the com- 
mencement of barium perfusion until the moment of onset of ventricular fibrilla- 
tion. l-'rorn the volume of this fluid the total amount of barium chloride whirl) 
passed through the coronary system during that period was calculated. Allow- 
ance was made for the small amount of perfusate containing no barium, nnmelv, 
that which orcupied the short length of tube between the point of entry of the 
solution stud the heart. 

At the end of the experiment the heart was removed from the apparatus and 
weighed, and the number of milligrams of barium chloride per gram of heart 
tissue necessary to produce fibrillation was calculated. 

In the earlier experiments the ventricular contractions were recorded graph- 
ically, but later it was found that the exact instant or onset of fibrillation could 
he determined more accurately by direct inspect ion. 

Prom tin- laboratories of The Mount Sinai Hospital, York City. 

•Ci-orgc niunientlial Fellow. 

Received for publication April 22 . 103*1. 
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RESULTS 


Table I shows the results of such experiments. It will be seen that 
the average amount of barium chloride per gram of heart tissue neces- 
sary to produce fibrillation was 1.87 mg. for the rabbit heart, 1.38 mg. 
for the eat heart, and 0.S3 mg. for the dog heart. The rabbit heart, 
therefore, required the largest amount, tire dog heart the least, and the 
cat heart was intermediate. This is in keeping with the observation of 
Garvey/' and others, that large hearts fibrillatc more readily than small 
ones. Indeed. Garvey states that the tendency to recover from fibrilla- 
tion is in inverse ratio to the tissue mass. 

The cat heart is undoubtedly the most suitable for this type of experi- 
ment. The rabbit ventricles in some cases will not fibrillatc at all, and 
the transition from coordinated beating to fibrillation is occasionally so 
gradual that it is difficult to identify the instant of onset. The dog heart, 
on the other hand, perhaps owing to the unsuitability of Locke’s solu- 
tion as a perfusate for large hearts, exhibits a tendency to spontaneous 
fibrillation and to various degrees of heart block which makes it unre- 
liable as a standard. 


The average amount of barium chloride per gram of cat heart neces- 
sary to produce fibrillation under these standardized conditions appears 
to be 1.38 mg. In order to ascertain whether this “fibrillation level” 
can be altered by drugs known to affect fibrillation induced by other 
means, we also investigated the effects of quinidine and digitalis on the 
onset of “barium” fibrillation. Quinidine has been found both experi- 
mentally'’ and clinically 0 to render the heart refractory to stimuli that 
would ordinarily throw it into ventricular fibrillation. To determine 
whether it would have a similar effect upon the fibrillation induced by 
barium, further experiments were performed, in which 0.75 mg. of 
quinidine was added to eacli liter of the Locke’s solution perfused 
through the cat heart. After perfusion with as little as 20 to 50 c.c. of 
this solution, the heart beat more slowly and the strength of ventricular 
contraction increased. At this point, usually about five minutes after 
the onset of quinidine perfusion, barium chloride was introduced as 
described above, and the amount necessary to cause ventricular fibrilla- 
tion was ascertained. The results arc shown in Table II. 


These experiments indicate that quinidine has a definite protect he 
action against the ventricular fibrillation induced by barium, since the 
average amount of barium chloride required was raised from l.oS to 
2.52 mg. per gram of heart tissue. Moreover, the type ot fibrillary move- 
ment was altered by quinidine. Ordinarily, alter perfusion with baiittn', 
the cat’s ventricular musculature exhibited fine, rapid, vermiform move- 
ments, but when the barium was preceded by quinidine. the fibrillin* 
movements consisted of large, slow-moving, coarse undulations sweephm 
over the ventricles. 
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Table II 

Amount or UnCL Required to Produce Ventricular Fibrillation in Quinibinit:^ 

Hearts 


NO. 

c.c. 

Bad. 

% 

Bad. 

WT. OF 
HEART 
IN GM. 

mg. Bad. 

I*EK GM. 
HEART 

COMMENT 

<21 

m 

0.2 

S.G 


Coarse fibrillation 

Q- 

i" 

0.2 

14.1 

2.4 

Coarse fibrillation 

q:: 

22 

0.2 

1S.2 

2.4 

Coarse fibrillation 

Q4 

10 

0.2 

10.5 

1.2 

Extremely coarse fibrillation 

Q5 

u: 

0.2 

7.0 

3.4 

Extremely coarse fibrillation 

Q6 

34 

0.2 

15.6 

4.4 

Extremely coarse fibrillation 

Q7 

10 

0.2 

15.5 

1.3 

Extremely coarse fibrillation 

qs 

14 

0.2 

16.0 

I.S 


Qf 

1(1 

0.2 

1 6.2 

2.0 


Q10 

10 


9.7 

3.3 





Average 

2.52 



TJie fact 1 lint quinidine increases the amount of barium chloride 
necessary to produce fibrillation leads us to believe that this method can 
be used to demonstrate elevation of the threshold for the initiation of 
fibrillary movements. 

In order to find out whether the method could also detect a lowering 
of the fibrillation threshold, we performed similar experiments, using 
digitalis instead of quinidine. The cat heart was first perfused with 
Locke’s solution containing 0.5 cat unit of digitalis per liter. As be- 
fore, perfusion was continued until some irregularity in rhythm devel- 
oped. or the contractile power of the heart was visibly altered, and then 
perfusion with barium chloride was started and the amount necessary 
to produce ventricular fibrillation determined. 

Table III shows that after digitalis the average amount of barium 
chloride was decreased from 1.38 to 0.81 mg. per gram of heart tissue. 
It seems, therefore, that a lowered threshold for fibrillation can also be 
detected by this method. 

Table III 


Amount of Bad. Required to Produce Ventricular Fibrillation in Digitalized 

Hearts 


NO. 

C.c. 

BaCl. 

r/c 

MG. BaCI. 

WT. OK HEART MG. 
IN GM. 

Bad. PER GM. 
HEART 

1)1 

10 

0.2 

23.1 

n.so 

1)2 

1 1 

0.2 

20.0 

(1.6 ‘J 

1)3 

0 

0.2 

10.0 

0.0 1 

1)4 

.*> 

0.2 

14.0 

0.72 

1)5 

.1 

0.2 

13.S 

0.72 




Average 

0.81 


SUM MARY 

Bv means of perfusion with barium chloride, the “fibrillation level," 
or tendency of the heart to fibrillate. may be measured, and tlio effects 
of drugs on this level may be studied. 


Ci ci 


BLILAIENTHAL AND OIT’ENIIEIMEE : VENTRICULAR FIBRILLATION 367 


REFERENCES 

1. Braun, L., and Sanict, B. : Studicn iiber Herzkamnierflimmern, Arcli.. f. 

exp. Path, und Pharm. 159: 54, 1931. 

2. Van Dongen, K.: The Action of Some Drugs on Fibrillation of the Heart, 

Arch. Int. de Pharinacodyn. ct. de Therapie 53: 80, 1936, and 54: 252, 1936. 

3. Williams, H. B., King, B. G., Ferris, L. P., and Spence, P. W.: Susceptibility 

of Heart to Electric Shock in Different Phases of the Cardiac Cycle, Proc. 
Soc. Exp. Biol, and Med. 31: 873, 1934. 

4. Levine, H. D.: Effect of Quinidine Sulphate in Inhibiting Ventricular Fibrilla- 

tion, Arch. Int. Med. 49: SOS, 1932. 

. Garrey, AY. E.: Auricular Fibrillation, Physiol. lJcv. 4: 215, 1924. 

. Dock, AAL: Transitory A'entricular Fibrillation ns a Cause of Syncope and Its 
Prevention by Quinidine Sulphate, Am. Heart J. 4: 709, 1929. 



Department of Clinical Reports 


PERICARDITIS WITH EFFUSION DUE TO TIIE 
MENINGOCOCCUS 

Edward S. Orgaix, M.D., and Mary A. Poston 
Durham, N. C. 

TV/T ENINOOCOCCIC infections present themselves, as a rule, in the 
form of acute, subacute, or chronic infections of the blood stream, 
with or without later metastatic localization in the meninges. The locali- 
zation of meningocoecie infection within t lie pericardium is distinctly 
rare, and a single ease, presenting itself as a primary problem in peri- 
cardial effusion, is sufficiently unique to warrant a brief report. 

Bettencourt and Franca, 1 in 1904, mentioned three eases of peri- 
carditis complicating meningococcus meningitis, in two of which organ- 
isms were recovered by smear and culture. Weichselbaum and Glion, 2 
in 1 90f), reported an instance of meningocoecie endocarditis and peri- 
carditis. but the organisms were not recovered from the pericardium. 
In the same year, Lcnhnrtz 3 recorded one case of proved purulent 
meningocoecie pericarditis, and Elscr, 4 in a review of 23 autopsies on 
patients with meningocoecie meningitis, found five eases of pericarditis, 
t lie sacs containing 5 to 35 c.c. of seropnrulent or purulent fluid. In two 
instances, organisms were seen in the smear and, in one instance, were 
recovered by cull tire. Duval,’' in 1908. reported the case of a child. 7 
years old, with meningitis and fibrinopurulont pericarditis, in which the 
organisms were obtained from the pericardial fluid by smear and culture. 
It is important to note that in all of the above cases of pericardii is there 
was an associated meningitis, and that all of the patients died. 

Herrick,’’ in 1918. reviewed the essential features of 12 eases of meniii- 
goeoceie pericarditis which occurred during an epidemic of 280 cases ot 
meningitis and pointed oul that pericarditis is usually a complication 
of serious meningocoecie sepsis. Six patients presented effusions varying 
in amounts from 30 c.c. to 040 c.c.: the remaining six wore of the “dry" 
type. In four cases, the diagnosis was made during life, and two of the 
patients recovered. Of those who recovered, one had the largest effusion. 
(U0 e.e. of purulent fluid, in which organisms were demonstrated by 
smear and culture; 1 lie other presented only an audible pericardial fric- 
tion rub. %uccola. 7 in 1929. reported an instance of a youmr man with 
meningococcomia and meningitis from whose pericardial sac a few cubic 
centimeters of purulent fluid were removed, but no organisms were 
identified. Recovery followed scrum therapy. Trace and J’orkovilz. 

From tli<- I ><■)>,'! rtnc’fitw of M-ilirln- :in.l Hu t.-! link- I'nlv-rMty S.-ln-l of 
M-itlrln-. ilnriiMm. X. C. 

It—lv* >1 for iHililtcntimi K-l*. f>. 1!CP. 
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in 3931, recorded the case of a boy, aged 13 years, with meningocoecie 
meningitis, who developed a pericardial friction rub on the fifth day of 
his disease. Pericardial paracenteses on two occasions yielded small 
amounts of seropnrulent fluid containing a few intracellular, Gram- 
negative diplococci, but no organisms were grown on culture. Recovery 
followed intraspinal, subcutaneous, intramuscular, and intrapericardial 
injection of serum. In his review of the subject of meningocoecie myo- 
carditis, Saphir, 9 in 1936, mentioned one case in which the pericardial 
sac contained 150 c.c. of seropurulent fluid, but bacteriologic examination 
of the fluid was not reported. The occurrence of pericarditis in menin- 
gococcic infections is mentioned by several authors, 10 * 11 • 12 but little com- 
ment is made except by Adshead, 10 who ascribed the pericarditis to serum 
therapy in four cases, in all of which the patients recovered. It is in- 
teresting that several reviews of pericarditis, 13 * 14 * 15 meningococcemia, 10 
and the newer reference texts 17 * 18 fail to mention the meningococcus as 
an etiologie agent in pericarditis. 

CASE REPORT 

Tlistory. — R. TF., a white, 32-year-old minister, entered the hospital March 30, 
1D3S, with the primary complaint of dull, constant, aching substernal pain, of two 
weeks' duration. The family, marital, and past histories were noncontribut.ory. 
Tn general, his health always had been good. The history of his present illness 
revealed that he was in good health until 1(5 days prior to entry, when he had two 
impacted wisdom teeth removed. He felt perfectly well until the second post- 
operative day, when he noted that the left side of his neck ached and was mildly 
stiff; this remained so for about two days. Four days after the operation he 
developed dull, constant, aching substernal pain. Six hours after the onset- of 
chest pain, he was seen by his physician, who discovered that his temperature was 
102° F., by mouth. Sulfanilamide and analgesics were administered. He remained 
in bed for about two days, his fever subsided, and tlie pain disappeared. He 
then arose and resumed his normal duties, but he felt somewhat weak; however, 
he was able to play eighteen holes of golf on three of the next six days with 
hut slight dyspnea. Three days prior to his entry there was a return of the dull 
aching substernal pain, and a roentgenogram of tlie chest showed cardiac enlarge- 
ment. He resumed complete bed rest until admission to the hospital, to which 
lie came because of pain, low-grade fever, and moderate dyspnea. 

Physical Examimlion . — The temperature was 38.4° C., the pulse rate, S4; the 
respiratory rate, 2(5; and the blood pressure 110/70. The patient was a slender, 
fairly well-developed, intelligent, cooperative young white man, appearing ill, with 
moderate dyspnea and orthopnea. No petechiae or skin eruptions were seen. There 
was no generalized lymphadenopatliy. The eyes and cars showed no abnormalities. 
The nasal septum was deflected to the left, with considerable obstruction to breath- 
ing space. The existing teeth were in good condition; no pyorrhea was present. 
The neck veins showed moderate engorgement; the trachea was in the midline; 
the thyroid gland was not enlarged. The lungs showed dullness and diminished 
breath sounds at the right base, with moist crepitant rales bilaterally. The heart 
was markedly enlarged to the right and left, with obliteration of the pericardial 
nngle on the right. Tlie apex impulse was not seen or felt. The heart sounds 
"ere distant and much diminished in intensity; no murmurs were heard. The 
rhythm was normal. The peripheral vessels showed no thickening. The pulse 
was of small volume, with a distinct paradoxical character both to palpation and 
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maiiomctiic readings. A tender liver was palpated about five centimeters 
tlie right costal margin. The spleen was not felt, and no ascites was demonstrated. 
Genital and rectal examinations showed nothing remarkable. The extremities acre 
gross Iv normal. Xo edema was noted. 

Laboratory Data .— The hemoglobin was 13 grams; the erythrocyte count, .">,75 'V 
000; the color index, 1.3; and the leucocyte count 9.400. The differential loucm 
evte count showed polymorphonuclear leucocytes, Si per cent; basophils. 2 per 
cent; monocytes, 2 per cent; large lymphocytes, 3 per cent; and small lympho- 
cytes, 9 per cent. The sedimentation rate was 20 mm. per hour, corrected. l?o- 
peated urinalyses and stool examinations were negative. Roentgenologic examina- 
tion of the chest showed generalized pulmonary congestion, with fluid at the haw 
of the right lung and enlargement of the cardiac silhouette both to the right and 
left. The electrocardiogram showed normal sinus rhythm, a rate of 10!, no ab- 
normal axis deviation, normal P-E and QRS intervals, borderline voltage, with a 
maximum deflection of plus G in Lead II, an isoelectric to inverted T,, an upright 
T. and T 3 ; and a normal precordial lead. The borderline voltage, plus the T-wave 
inversion, was entirely consistent with pericardial disease. The blood culture was 
negative. Tuberculin tests were negative. 

Course in the Hospital . — During the first few hospital days his temperature 
persisted at a level of about 3S° C. On the fourth day pericardial paracentesis 
was performed; 200 c.e. of thin, serosa nguineous fluid were removed, and replaced 
by 150 c.c. of air. The fluid clotted quickly; its specific gravity was 1.030. A 
cell count revealed 2,550 leucocytes per cmm., of which S per cent were poly- 
morphonuclear neutrophiles, and 92 per cent, lymphocytes. Smears revealed Gram- 
negative diplococci. The organisms were grown in culture and identified as 
meningococci (jY. intraccllularis). The agglutination titer, using the patient's 
serum and organisms, was 1--10. Dramatic improvement followed the paracentesis. 
His temperature remained normal for six days, the pulmonary congestion quickly 
receded, and the venous pressure diminished. A teleoroentgcnogram showed a thick- 
ened pericardium enclosing fluid and air. On the tenth hospital day an unsuc- 
cessful pericardial paracentesis was performed. Two days later his temperature 
rose to 39° C., consolidation appeared in the lower lobe of the right lung, and 
two successive blood cultures were positive for X. intraccllularis. Sulfanilamide 
administration was begun immediately, in doses of -l.S gm. per dny for a period 
of eighteen days, with improvement manifested by the gradual return of his tem- 
perature to normal and the disappearance of all signs of pericardial effusion and 
lung consolidation. A thrombophlebitis of the right leg, which developed during 
this period, also cleared tip. Blood cultures became negative and remained so 
throughout his hospital course. Cultures from the nose, month, and throat were 
negative for X. intraccllularis. On the fortieth hospital dny, after five days of 
normal temperature, a fever of 3S° C. to 39° C. reappeared. Antimeningococcic 
serum was administered in a quantity of 3G5 c.c. over a six-day period; it was 
given intramuscularly because of violent reactions to intravenous injection. 5-erum 
sickness developed, but no other significant response to serum therapy was noted. 
Sulfanilamide was given again on the forty- seventh hospital day and continued 
for one week. His temperature fell to normal, and remained so until his discharge 
on the fifty-sixth hospital day. By this time all symptoms and signs had dis- 
appeared, and fluoroscopic examination of the heart and lungs showed nothing 
abnormal. Immune antibodies developed in the patient's Wood, a« evidenced )>) 
agglutinins in a scrum dilution of 1-32SO, bactcriolysins in a scrum dilution of 
1-300, and marked opsonophagoevto.-is. The patient has been followed for / month*- 
since his discharge by his own physician, who report- his health to be excellent 
and hi-- heart normal to physical examination. 
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DISCUSSION 

This case represents a rare instance of meningococcic infection pro- 
ducing typical pericardial effusion with cardiac tamponade. There was 
no history to suggest meningococccmia or meningitis as a preliminary 
to the development of pericarditis. This is particularly interesting, for 
in the previously reported cases there has been, almost invariably, an 
accompanying meningitis. The usual portal of entry in meningococcic 
infections is believed to be the upper respiratory passages, and it is 
possible that the organisms were introduced into the blood stream at 
the time he had his teeth extracted, 19 with subsequent metastatic locali- 
zation in the pericardium. This was probably the only focus of infection 
at the time of admission. Cultures from the nose, mouth, and throat 
were all negative for meningococci. It is noteworthy that pericardial 
paracentesis yielded thin, serosanguineous fluid containing a small num- 
ber of cells, largely lymphocytes, and organisms which were demon- 
strated by smear and culture. The blood culture, while initially nega- 
tive, became positive for several days following a second and unsuccess- 
ful paracentesis. It is conceivable tiiat the organisms gained entrance 
to the blood stream at this time. Following the removal of the effusion, 
with subsequent relief of cardiac tamponade, the problem in therapy 
shifted from one primarily cardiac to that of mcningococcemia. Sul- 
fanilamide alone was ineffective in controlling the disease, but when it 
was given in conjunction with antimeningococcic serum recovery was 
complete. The development of immune antibodies in high titer in the 
blood stream is supportive evidence of cure. 

Meningococcic pericarditis produces no symptoms or signs distinctive 
of the causative organism. While it is usually a feature of the late 
period of the acute stage of the disease, 0 and is generally seen with 
meningitis, it need not necessarily be associated with meningoeoeeemia, 
meningitis, or other severe complications. The pericarditis may be evi- 
denced by signs varying from a simple friction rub to those of a large 
effusion, which may be serous, purulent, sanguineous, or combinations of 
these, and may contain predominantly lymphocytes or polymorphonu- 
clear leucocytes. 

Treatment consists of paracentesis, if effusion is present, sulfanilamide, 
and antimeningococcic serum, which should be administered intraperi- 
eardially as well as intravenously, as first suggested by Herrick. The 
mortality in the reported cases is definitely high, but this is more likely 
attributable to the preceding serious infection than to the pericarditic 
complication. It is suggested that in those cases of pericardial effusion 
in which organisms are not easily demonstrated, care should be taken 
to rifle out meningococcic infection. 

CONCLUSION 

1. An instance of meningococcic infection producing pericardial 
effusion with cardiac tamponade is reported. 
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Katz, L. N., and Lindner, E.: Quantitative Relation Between Reactive Hyperemia 
and tlie Myocardial Ischemia Which It Follows. Am. .1. Phvsiol. 12G: 2S:t, 
JP3S). 


The quantitative effect on coronary flow of difTerent periods of myocardial 
ischemia was observed in an isolated preparation of the doc heart with ventricles 
hbrillatiac- Blood flow throuch the forelitnli of tin* same animals was studied 
simultaneously under the same conditions. In this preparation ooronarv flow is 
determined entirely by active chances in the coronary vessels. 

Tn the heart, correlation of the components of the* ischemic periods, with those 
of the subsequent hyperemia periods and analysis of (he relationships found, led 
to the followinc conclusions: 

1. In this preparation, the coronary blood supply is "router than that neeessarv 
to meet myocardial needs. 

•J. The hyperemia due to the ischemia is more than adequate to mahe lift for 
the myocardial deficit acquired. 

The cause of the hyperemia seems to be an easily diffusible dilator substance 
which is eliminated ia the presence of oxvgen. 

4. The degree of hyperemia not only varies with the duration of the ischemia 
and hence with the accumulation of the dilator substance, but also with the respon- 
siveness of the coronary vessels to this substance. 

'Jhc coronary vessels are decidedly more reactive to ischemia than are the limb 
vessels. 


le importance of reactive hyperemia as a mechanism operating to compensate 
for any inadequacies in coronary flow in the intact animal is emphasized, and the 
bearing 1 of these data on reactive hyperemia in other vascular beds is suggested. 


AliTIIOItS. 


Christianson, Oscar O.: Observations on Lesions Produced in Arteries of Dogs 
by Injection of Lipids. Arch. Path. 27: 1011, 

Lesions were produced in arteries of dogs by injecting into the media of the 
abdominal aorta and femoral arteries, human fat alone or mixed with fatty acids 
ealdum soaps, or cholesterol. The severity and chronieity of the lesions' varied 
i the acidity and speed of dispersal of the fat mixture. Human fat and fat tv 

h ills' 7 r, r" ,e 5n,1 ' nmm,,0r - V >•«*»«> rapidly been „se 

was mITT 1 /' 1I T nn fat ”’ iXOd Whh - cholesterol 

. in T 1 • a,K cnus0<1 il chro,lic lesion. In the formation of nrterio- 

,or" ; C i 10, 't ^ "’cl 1 th ° infi,trn,in K as cholesterol mav be im- 

portant in producing fibrous tissue 
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Hallock, Phillip: Lactic Acid Production During Best ana After Exercise in Sub- 
jects With Various Types of Heart Disease, With Special Eeference to Con- 
genital Heart Disease. J. Clin. Investigation 18: 3S5. 3 PSP. 

An increased concentration of lactic acid in the venous blood is evidence of 
an inadequate supply of oxygen to the tissues. 

There is only a slight increase of lactic acid in the blood fob o trine mild 
exercise in normal in divi duals, an average increase of about 2 me. per 100 c.c. 
of blood above the resting value. The normal upper limit of concentration of 
venous blood lactic acid following our exercise test did not exceed 21 me. per 
100 c.c. of blood. 

The blood lactic acid studies show that tissue anoxia is not present at rest 
in patients with congenital heart disease, either in the presence or absence of 
cyanosis. 

Following mild exercise there is a definitely abnormal rise of blood lactic acid 
in the cyanotic group of congenital heart disease, indicating a greater liability 
to the development of tissue oxygen deficit after even slight physical exertion. 

The presence of cyanosis and polyeyrhemia in congenital heart disease does not 
necessarily indicate that oxygen deficit will develop following mild exertion 
for no significant rise of lactic acid level occurred in a case of morbus eaemlens. 

Following mild exertion, a definitely abnormal rise may occur in some aeyanotic 
cases of congenital heart disease, but the rise is not as great on the average as in 
the cyanotic group. 

When dyspnea follows mild exercise the presence of tissne oxygen want may 
be assumed to he present regardless of what specific cardiac defect is ultimately 
responsible. 


Gubner, Bichard, Schnur, Sidney, and Crawford. Hamilton: The Use of CO. In- 
halation as a Test of Circulation Time. J. Clin. Investigation 18: 3P5, IPS. 0 . 

CO. inhalation may be employed clinically to estimate circulation time. The 
CO. test measures “left hearr’’ time (lung to respiratory center). Its advan- 
tages are that it is a physiologic respiratory stimulant: it is entirely harmless: 
the effect is transitory; it does not require injection, ana it may be used re- 
peatedly in the same subject. 

The circulation time, by this method, is prolonged in hearr disease com- 
mensurate with the degree of left heart failure. Normal values range rrom 5 
to 10 seconds and correspond elosely to the expected results according to the 
cyanide and ether times. 

AtTHons. 


Gold, Harry, Kwit, Nathaniel T., Otto. Harold, and Fox, Theodore: On Vagal and 
Extra vagal Factors in Cardiac Slowing by Digitalis in Patients With Armculax 
Fibrillation. J. Clin. Investigation 18: ~2P, 3P3P. 

There is no general agreement regarding the role of the vagus in the ventricu- 
lar slewing bv digitalis, some maintaining that the drug acts mainly on conduc- 
tion directly, and others, that its action is mediated chiefly or wholly through 
the vagus. 

In the present investigation on patients with auricular fibrillation the authors 
found, as others have, that paralytic doses or atropine always cause some aecelera 
tion of the ventricle which has been slowed by digitalis, and that *hi- eueei 
varies from slight acceleration to complete abolition of the slowing. 
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Thcv have ol.eerve.l, however, thal it the ,W «t ««M. »■ 1«*t «»«* 
atropine cannot prevent tlipitalia from preiincini: mnrkcd downtB of n rapt 
ventricle (to 100 a minute or slower). . 

In digitalized patients with auricular fibrillation, the ventricle is mum tunic* 
at a slow rate usually by the summation of two factors: one, a vagal factor 
(abolished by atropine), and two, an extra vagal factor (not abolished by 
atropine). 

In the average case, the vagal factor predominates in the slowing of the 
ventricle nfter moderate doses of digitalis, while the extrnvngal factor pre- 
dominates after large doses. 

Which of the two factors (vagal or extravagal) will dominate in the control 
of the slowed heart rate depends, therefore, upon the degree of digitalization. 
Contrary to statements found in the literature, the results show that it is not a 
matter of individual peculiarity, the degree of heart failure, or the length of 
time the heart has been under the influence of digitalis. 

The discordant views in the literature regarding the role of the vagus and the 
factors which alter its role, in slowing of the ventricle in auricular fibrillation, 
arise from the failure to make adequate observations on the effect of maximum 
doses of atropine after different doses of digitalis in one and the same subject. 


McMichael, John: Hyperpnea in Heart Failure. Clin. Se. -1: 10, 10:10. 

The best available method of standardizing measurements of pulmonary 
ventilation is by the use of a ventilation equivalent. The ventilation equivalent 
for oxygen is liable to a considerable error, especially with fluctuations in the 
respiratory quotient. The ventilation equivalent for CO, is less liable to fortuitous 
changes. Normal values of these functions are surveyed statistically. 

The standard error of the acetylene method of determining cardiac output 
is assessed as 4.5 per cent from S5 checked determinations. 

In heart failure there is no great correlation between byperpnea and vilnJ 
capacity. There is, however, a close correlation between cardiac output and 
hj-perpnea. 

When the general systemic blood flow is lowered in cardiac, failure, there is 
good reason to believe that the cerebral blood flow is not depressed to the same 
degree. 

Consideration of published and personal data on the jugular venous oxygen con- 
tent supports the hypothesis that (tie cerebral blood flow is subnormal in hvperp- 
neie cardiac subjects. 

Aptiiok. 


De Boer, S.: Researches on the Electrocardiogram. Cnrdiologin 2: 202, 103S. 

A polemical review of the author’s work is assembled in order to refute Lewis’ 
theory of limited potential differences and also Crnib's deductions regarding mono- 
phasic curves. The author advocates the interference theory. 

Katz. 


Burger, R,: The Electrical Field of the Heart. Cnrdiologin 3: 50, m’iO. 

(■/wf '“SI h ° takCn , fr ° m " lt> SUrfnf0 0f fI,, ‘ hot] y « s « whole using the metal 
tub bath with a metal lead as the W electrode (bath electrode), and using this 

. an mdiiferent electrode. This was employed in five normal eases. It was found 
that the decrease due to the short-circuiting effect of the water on the potential 
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differences of the extremity leads was a constant percentage at different instances of 
the cardiac cycle. This method is used to deal at great length with the question of 
what is an “indifferent electrode,” a “zero-potential electrode,” and a “unipolar 
lead.” 

Katz. 


Burger, R., and Wuhrmann, F.: The Electrical Field of the Heart. Cardiologia 

3: 139, 1939. 

A method is suggested of determining the electrical field of the heart at dif- 
ferent instants of the heart cycle. Such diagrams are called diagrams of potential 
differences. These are obtained by measuring the potential at a particular instant 
in the heart cycle of many points in the body especially on the precordium, back, 
and in the esophagus. A relatively complex mathematical derivation is used. 
Comparison made by this means and by the vector diagram ordinarily used shows 
that the location and movements of potentials can be followed more accurately by 
the authors’ methods especially since their method gives the individual components 
of the electrical field and not only the resultant. 

Katz. 

Cowan, John: Some Disturbances of the Rhythm of the Heart. Brit. Heart J. 1: 

3, 1939. 

Alterations in the rhj’thm of the heart, as isolated signs, are not necessarily of 
serious significance. 

James Mackenzie stated (1912) that smiths irregularity in a healthy individual was 
a normal occurrence, and man}' observers have subsequently confirmed the accuracy 
of his dictum. It is true that sinoauricular block may, as shown in some of the 
cases which we have collected, be accompanied by serious symptoms, but the subse- 
quent history of these patients shows that, in the absence of signs of cardiac disease, 
the prognosis from the cardiac standpoint is quite good. Any danger lies in the 
nature of the nervous disorder which occasions it. 

The occurrence of extrasystoles, per se, has not any sinister significance. It is 
true that if they recur rapidly for long periods the mere rapidity of the cardiac 
contractions may produce cardiac failure, but, in the absence of signs of cardiac 
disease, any cardiac symptoms rapidly pass as soon as the normal rhythm is restored. 
A man, who died from paralysis agitans at the age of 75, had been liable to attacks 
of paroxysmal tachycardia from the age of 18 and had lived a very strenuous life 
for many years. 

The prognosis in cases of nodal rhythm depends, as in sinus irregularity, upon 
the nature of its cause. The outlook is serious if it is due to myocardial lesions, but 
good if it is due to nervous causes. 

The occurrence of auricular fibrillation is generally a signal of impending danger, 
but the exceptions to the rule are fairly numerous. Cases have been reported where 
the arrhythmia persisted for ten or even twenty years. One of my patients bore a 
child safely although her auricles had been in fibrillation for at least three years. 
The irregularity is not the important factor in the failure. The danger lies in 
the frequenC3 r of the ventricular contractions or in the continued activity of the 
cause of the irregularity. Fibrillation maj" be due to several causes; pathologic 
lesions in the auricular muscle, of chronic or acute character; autointoxications, 
as in Graves’ disease; poisons introduced from without (digitalis, anesthetics, 
coal-gas poisoning, etc.); physical stresses; and perhaps, to disturbances of the 
nervous control of the heart (Cowan, 1929). The cause may be permanently or 
temporarily in action. The prognosis follows the cause. ■ 1 
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Heart blade and bundle branch block repent the story. As they are most fre- 
quently due to myocardial disease the prognosis is, as a rule, scrums, but mam- 
patients live in fair health for many years. Again the danger lies m the l.ite o 
the ventricular contractions, or in the character of the process which has disturbed 
the rhythm of the heart. 


Peel, A. A. Fitzgerald: The Significance of Electrocardiograms Showing a 

“Second Positive Wave of QRS” in Lead III. Brit. Heart .T. 1. 80, 193.0. 

Organic heart disease is more common in patients whose electrocardiograms 
show a “second positive wave of QRS a ” than in the material from which these 
cases were collected (82 against 72 per cent). Many of these electrocardiograms 
show some other significant abnormality, in which case organic disease is always 
present, and the mortality since 1928 to 1933 has been 90 per cent. 

Organic lesions are much move frequent in patients whose sole electrocardiographic 
abnormality consists of a “second positive wave of QRS,” than in patients whose 
electrocardiograms are completely normal (70 per cent against '43 per cent). The 
increase is due to a greater number with coronary disease, hypertension, or arterio- 
sclerosis (42 per cent against S per cent). 

Where it has been possible to fix the time of appearance of the “second positive 
wave of QRS„ ” this has occurred when an active pathologic process was affecting 
the myocardium. In seven out of eight cases in which it ultimately disappeared, the 
patient’s capacity for effort improved, at least temporarily. 

When a “second positive wave of QRS,” is the only electrocardiographic ab- 
normality, the shape of the complex is important for diagnosis and prognosis, and its 
breadth gives further assistance in prognosis. 

As regards the shape of the complex, the height of the initial R is the determining 
factor. When this was prominent, deflection exceeding 2 mm. in height, organic 
disease was always present; and the mortality in cases with an otherwise normal 
electrocardiogram was 50 per cent. When the initial R was a small deflection of less 
than 2 mm. in height, the incidence of recognizable organic disease was only 62 
per cent, and the mortality in cases with an otherwise normal electrocardiogram was 
only 12 per cent. 

The breadth of QRS gives little help in diagnosis, but is of great importance in 
prognosis. The mortality rises steadily from 22 per cent with a QRS below 0.0S 
sec., to 55 per cent at 0.0S sec., and to 72, per cent, above 0.0S sec. These mortality 
figures are almost identical with those found in healing with another series of 
electrocardiograms where the abnormality was a “large Q,.” The significance of 
the breadth of QRS, therefore, apears to he independent of the nature of any 
abnormality which may be present. 

Author. 


The Normal Electrocardiogram. 


Chamberlain, E. Noble, and Hay, J. Duncan: 

Brit. Heart J. 1: 105, 1939. 

To determine the limits of physiologic variation in the electrocardiogram and 
any changes that might occur with age, 302 normal subjects have been investi- 
gated. Each was subjected to a rigorous examination, including blood pressure 

of emp 8 has"s '“h ^ fo,, ? win * deemed worthy 

The P wave was of ten flat or scarcely perceptible in Lead I and occasionally 
had a split or broad summit. A few examples of inversion P, were seen 
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The R wave varied within wide limit? in it? amplitude, and slight notchin" or 
the descending limb was not uncommon. 

The S wave, although usually well defined, may slope graduallv into the R-T 
segment. 

True S-T deviation was so rare and so minute that it must he regarded with 
great suspicion, but peculiarities in the formation of the S-T interval were verv 
common and must not be confused with genuine S-T deviation. 

Slight degrees of notching and of low voltage in the QRS complex in Leads 
I and II were not common. The types of record found can be seen better bv 
inspection of the illustrations than by description. 

Right axis deviation in a pronounced form was uncommon even in young 
persons, while left axis deviation occurred quite frequentlv at all ages, in- 
creasingly so in the later decades where it was found in one-sixth of all cases. 

Inversion of T was never found in Lead I. but inversion of T in both Leads II 
and ill was present in four eases. The former must be considered as pathologic 
whenever it occurs, and the latter as suspicious. Inversion of T in Lead IH onlv 
was present in 29 per cent of the total 302 eases, and considerable variation in the 
shape of the wave was recognized. 

The only unusual finding as regards time intervals was the occurrence of a few 
eases where the P-R interval was 0.22 second. 

Age variations were slight, the most important being an increase in the left 
avis deviation in the later decades of life. 

Authors. 

Wood. Paul, and Selzer, A.: A New Sign of Left Ventricular failure. Brit. 

Heart J. 1: SI. 1939. 

A widened P wave of low voltage, usually bifid or flat-topped, lias been found 
in association with left ventricular failure in cases of hypertensive heart disease 
and of aortic incompetence. 

It is suggested that this P wave results from left auricular stress. 

ArrEcss. 


Bruetsch. Walter L.: The Histopathology of the Psychoses With Subacute 

Bacterial and Chronic Verrucose Rheumatic Endocarditis. Am. .T. Psychiat. 

95: 335. 193S. 

The involvement of the brain daring the course of an endocarditis is not un- 
common. From an eriologic point of view two types of psychosis with endo- 
carditis can be distinguished. 

(1) Psychoses with subacute bacterial endocarditis, terminating fatally with- 
in several months. Histologic examination reveals numerous miliary alxeesse 5 
and masses of cocci in capillaries of the brain cortex and in other organs. 

(2) Psychoses -with chronic rheumatic endocarditis. The patients in this group 
may present any reaction type. Some of the cases were diagnosed as dementia 
praecox. other cases as manic-depressive or involutional psychoses. A 62-year-old 
patient with a recent rheumatic infarction of the parietal-occipital region was 
classified as senile psychosis. 

The anatomic findings in the brain consisted of small or large areas of infarc- 
tion. being usually the result of rheumatie-endarteritic changes. Or the brain 
was grossly normal, but microscopic examination disclosed numerous acellular 
areas, an occasional granuloma, and small connective tissue scars. In one patient 
with a psychosis of short duration a rheumatic encephalitis was present. 

Author. 
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Bruetsch, Walter I>.: Chronic Rheumatic Brain Disease as a Cause of Mental 

Disorders. Ztschr. f. d. ges. Neurol, u. Psycliiat. 166 : 4, 1939. 

The material on which this work is based comprises 475 complete autopsies, 
performed in au institution for mental diseases, in which particular attention was 
given to the presence of rheumatic valvular heart disease. The frequency of 
chronic rheumatic endocarditis among mental patients is given as 4 per cent. 
This finding is of particular interest, since obvious rheumatic manifestations, 
in particular polvarthritic symptoms, arc rarely seen in mental hospitals. Histo- 
logic examination of all the organs of these patients revealed the interesting 
fact that the long-continued rheumatic infection had not only involved the heart, 
but also the brain and other organs, such as kidneys, spleen, pancreas. 

The fundamental rheumatic lesion in the brain consisted of a vascular process 
of an obliterating endartcritic type with subsequent degeneration in the 
parenchyma. The anatomic findings seem to suggest that in a great majority 
of mental patients with chronic rheumatic valvular disease, a rheumatic brain 
involvement may be present. 

The relation of rheumatic infection to arterial disease was first emphasized by 
Ivrehl who described in 1890 rheumatic endarteritis of the small myocardial 
arteries. In more recent years (1926) von Glahn and Pappenlieimer and others 
demonstrated specific rheumatic lesions in the vessels of all the internal organs. 
They found rheumatie-endarteritie changes in the lungs, kidneys, pancreas, 
ovaries, and testes. If in this process the cerebral vessels take part, changes in 
the nervous parenchyma will occur. For this condition the term of chronic rheu- 
matic brain disease was used. 

Author. 


Gross, Harry, and Handler, Bernard J.: Sclerosis of the Superior Vena Cava in 
Chronic Congestive Heart Failure. Arch. Path. 28: 22, 1939. 


The superior venae cavae of twenty-one persons showing chronic congestive 
heart failure were studied and compared with those of a group showing hyper- 
trophy of the right side of the heart without failure and with those of another 
group in whom there was no cardiac lesion at all. 


In persons with chronic congestive heart failure associated with increased 
tension in the right side of the heart and in the superior vena cava, sclerosis 
of the superior vena cava is a common finding. 

Histologically, the sclerotic process in the superior vena cava is characterized 
hy hypertrophy of all the coats of the vein, most marked in the muscular layer 
of the media. These alterations are thickening and scarring of the intima, 
splitting and reduplication of the internal elastic membrane, and widening of the 
media with hypertrophy of the muscle cells and increase of collagen. Eventually, 
from increased tension and impairment of nutrition, fragmentation, and replace- 
ment of muscle fibers occur. 

Involvement of the superior venae cavae in persons not having congestive 
heart failure was slight and infrequent, and in not a single vein were all the 
coats of the vessel involved. Medial hypertrophy, which was so constant and 
marked m the superior venae cavae of the group who died in congestive heart 
failure, was an infrequent occurrence. 

Phlebosclerosis and arteriosclerosis are similar in morbid anatomy and patho- 
genesrs. The pathogenesis of sclerosis of the superior vena cava appears to be 
prolonged increase of intravascular pressure. 


Authors. 
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Jones, Noble W., and Rogers, Arthur L.: Chronic Infection and Atherosclerosis. 

Med. .T. Australia 1: 851, 1939. 

The observation that compensation could not be restored in two patients with 
congestive heart failure until tonsillectomy and radical sinus surgery was per- 
tormed in one patient and drainage of infection in the common bile duct in the 
other, led the authors to make special histologic and bacteriologic studies' of 
the arteries in the first patient and subsequently in other atherosclerotic patients. 
In the sinus tissue of the first patient the arterioles lying in the depth of the 
membranes were noteworthy because of an almost universal subacute arteritis 
and a thrombotic process which occluded many of their lumina. Scattered dif- 
fusely throughout the walls of the vessels, and in the thrombi also, were many 
microorganisms in the form of diploeocci, as revealed by specially stained sec- 
tions. This picture was at marked variance with the arterioles in the sinus tis- 
sues removed from patients suffering from chronic arthritis or asthma, in which 
the blood vessels were slightly or not at all affected. The arteries in the walls 
of gall bladders removed from atherosclerotic patients were found to be in an 
inflammatory state, with diploeocci present in the involved areas. 

These facts suggested a relationship to distant thromboses and led the authors 
to study eleven unselected patients who died from acute coronary thrombosis. 
In all, the same general histologic picture of subacute arteritis with atheromatous 
degeneration was noted, and also in each one microorganisms in the form of 
diploeocci were found in the tissues. In a few instances single and short chain 
cocci were seen. In these eleven cases there were associated chronic cholecystitis 
three times and a severe grade of pericemental infection and chronic sinus dis- 
ease each twice. 

The coronary arteries of children and patients with essential hypertension did 
not reveal any inflammatory changes, nor could microorganisms be found in them. 

The inflammatory reaction and diploeocci were demonstrated in the arterial 
wall of arteries in one patient with thromboangiitis obliterans and in a patient 
with periarteritis nodosa. 

In conclusion the authors point out that in certain instances of atherosclerotic 
heart disease there exists a clinical relation to infection and that the removal of 
the latter beneficially affects the course of the former. In addition they wore 
able to demonstrate microorganisms in the walls of all atherosclerotic vessels in 
which a careful search was made. 

1\ AIDE. 


Stead, Eugene A., Jr., and Kunkel, Paul: Mechanism of the Arterial Hypertension 

Induced by Paredrinol (a-H-Dimethyl-p-Hydroxyphenethylamine). J. Clin. 

Investigation 18: 439, 1939. 

Paredrinol (a-N-diinelhyl-p-hydroxyplienethylamine) produces in normal sub- 
jects a type of acute arterial hypertension that closely resembles that observed 
in disease. The tendency to a slower heart rate, the vigorous apex impulse, the 
loud heart sounds, and the hypertension itself arc the only outstanding abnor- 
malities produced by the administration of the drug. 

This hypertension differs greatly from that produced by epinephrine. 

The arterial blood pressure response in different subjects, and in the same 
subject on different days, varies greatly. The average duration of the hyper- 
tension after .the intramuscular injection of 25 mg. of paredrinol is one hour. 

The blood flow in the dilated hand is moderately decreased. The spontaneous 
fluctuations in vasomotor tone in the hand and foot arc decreased. The venous 
tone in the hand is increased. The venous pressure is increased bj' from 30 to 
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40 mm of water The T waves in the electrocardiogram become higher. These 
changes are usually not great enough to be detectable unless the resting values 

for the particular subject are known. , ... 

There is no significant change in blood flow in the foot, forearm, and calf. 
The cardiac output, circulation time, and basal metabolism are not significantly 


The decrease in heart rate results from an increase in vagal tone brought about 
by stimulation of the carotid sinus and aortic nerves, since if the vagal efiect 
is removed by atropine, pnredrinol causes an increase rather than a decrease in 
heart rate. When atropine is given before the injection of pnredrinol the arterial 
pressure, particularly the diastolic, rises to higher levels than after pnredrinol 

alone. , . 

The combination of nitrite and tilting to the upright position pools sufficient 
blood to reduce the paredrinol hypertension to normal. Thus, if the arterial blood 
pressure rises to alarming heights, or if headache develops, the hypertension can 
be rapidly and permanently reduced. 

The peripheral blood flow in subjects with arteriosclerosis and in subjects 
who have had a preganglionic sympathectomy is not increased by raising the 
arterial pressure head with paredrinol. 

The hypertension produced by paredrinol may result from cither or both of 
the following mechanisms: 1. A primary increase in peripheral resistance from a 
direct vasoconstrictor effect on the minute vessels (arterioles, capillaries, venules) ; 
2. A primary increase in venous tone and an emptying of the splanchnic reser- 
voirs, causing increased venous return to the heart and a secondary increase in 
peripheral resistance. 

Authors. 


Katz, L. N., and Jochim, K.: Observations on the Innervation of tbe Coronary 

Vessels of the Dog. Am. .T. Physiol. 128: 305, 1039. 

A method is described for determining the action of the sympathetic and 
parasympathetic nerves on the caliber of the coronary blood vessels in a prepara- 
tion consisting of an isolated head and heart with flbrillating ventricles. 

Evidence is presented showing that in the dog: 

1. The vagi carry only cholinergic coronary vasodilator fibers which are tonicallv 
active. No evidence was obtained of cholinergic coronary vasoconstrictor fibers. 

2. The stellate ganglia send to the heart adrenergic coronary dilator and 
adrenergic coronary constrictor fibers, both of which are tonicallv active. 

'*■ r ^ ie tonic action of the sympathetic nerves is predominantly vasoconstriction. 

Authors. 


Perlow, Samuel, and Halpem, S. Sherman: Surgical Relief of Pain Due to 

Circulatory Disturbances of the Feet. Am. .T. Surg. 45: 104, 1930. 

Operative peripheral nerve block lias been a satisfactory method of relieving 
pam in many patients with peripheral vascular disease. However, occasional 
sloughing ulcers occur at the site of incision and in some cases the poor circula- 
tion causes the surgeon to hesitate to perform nerve block. In a search for an- 
other simple pain-relieving measure, it was found that, injection of procaine in 
oil solutions into peripheral nerves induced anesthesia for one to forty davs. 
Anesthesia involved the sympathetic, sensory, and motor fibers. No harmful 
icmi s u ere produced by the procaine in oil injection into the nerve. The on- 
es icsi.1 is similar to that obtained by peripheral nerve block with alcohol or 

ZTZ 8 a I' BOt f l0ng lasting - Ho "' ever - «« be repeated as desired and 
has the advantage of not requiring an operative incision. 


Natoe. 
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Atlas de Phonocardioguadhie Clinique: By A. Calo, Assistant etranger a la 

Faculte de Medecine de Paris. Membre correspondant etranger de la Society 

Frangaise de Cardiologie. 104 pages, 150 illustrations, 60 francs, Paris, 1938. 

Masson et Cie, Editeurs, Libraires de L’Academie de Medecine, 120 Boulevard 

Saint Germain, Paris, France. 

During the last few years there has been a great revival of interest in the graphic 
registration of heart sounds and murmurs, with the result that several makers ol' 
electrocardiographs have placed on the market apparatus for recording a sound 
tracing simultaneously with an electrocardiogram. Many physicians have not found 
the records as useful as they had anticipated, however, largely because they do not 
know how to interpret the graphs. For this reason a book that contains a large 
number of sound records and describes their salient features is to be welcomed. 

This atlas opens with a brief discussion of the method employed and the technique 
required to obtain tracings free of unwanted vibrations. This is followed by 
classification into logical groups of the different sounds and murmurs arising from 
the heart, and a fairly detailed discussion concerning their origin^ time of occurrence 
in the heart cycle, duration, and other important characteristics. 

The second part of the atlas, which occupies three-quarters of the book, is devoted 
to the reproduction and description of sound records from a large group of patients, 
including several with normal heart sounds. Tracings that illustrate the common 
murmurs encountered in patients with valvular heart disease and congenital heart 
disease are shown, in addition to many other graphs depicting alterations in the 
heart sounds and various types of gallop sounds. The presentation is very com- 
plete because in each instance sound tracings from at least three points on the 
chest, i.e., the cardiac apex and the aortic and pulmonic areas, are shown, and 
each sound record is taken simultaneously with one lead of the standard electro- 
cardiogram. The majority of graphs also include a simultaneous arterial pulse 
tracing. On the page opposite the graphic records, the author gives a brief 
summary of the history and physical examination of the patient whose records 
are shown, together with an orthodiagram and an interpretation of the standard 
electrocardiogram and the sound tracings. 

The tracings are very well reproduced throughout' the atlas, and, although very 
low frequency oscillations seem to dominate many of the records, these vibrations 
are seen to occur quite constantly in every heart cycle, indicating that they are 
not artifacts. The author emphasizes that many of the low frequency vibrations 
that appear on the records would be heard with difficulty, or might be entirely 
inaudible. Attempts are made to estimate from the tracings the fundamental 
frequency in the heart sounds and murmurs. The reviewer does not feel that 
such frequency determinations are worth while, because the results obtained 
depend to a very large degree on the nature of the microphone and amplifier 
employed in the recording system. 

An excellent bibliography is provided, and the atlas should be of great value 
to many physicians desiring information on this subject. 

Franklin D. Johnston. 
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CarbiovascvuWw Disease in Gexeuag Practice : 
F.R.C.P. (London), Physician and Physician in 
ment, King’s College Hospital, London. 20(i 
1939, H. K. Lewis and Co. 


By Terrence East, M.A., M.D., 
Charge of Cardiological Depart - 
pages, 43 illustrations, $3.50, 


This book of approximately two hundred pages is an extremely useful summary 
of the knowledge relating to heart disease that is most essential for the general 
practitioner, or indeed for the specialist in this field. It might be more accurately 
entitled "Heart Disease in General Practice," inasmuch as only one short chapter 
is devoted to vascular diseases; the three selected for discussion are thromboangiitis, 
Monckeberg’s sclerosis, and Raynaud’s syndrome. It is probably true in England, 
as it is in the United States, that very few "lieuTt specialists" are also specialists in 
the field of peripheral vascular diseases, and this volume accurately reflects the extent 
of knowledge and interest of the average cardiologist. 

There are chapters upon all the conventional aspects of heart disease, and the 
author’s classifications with reference to etiology, functional stale, and anatomic 
changes are those now generally approved by most authorities. His discussion of 
etiologic factors such as rheumatic fever, syphilis, and hypertension is very sound, 
and seems to include all important recent contributions with the single exception 
of the surgical treatment of hypertension, which he probably regards as still of un- 
proved value. The chapters dealing with congestive heart failure, anginal heart 
failure (here designated "failure of the coronary circulation"), failure of the 
peripheral circulation, and the treatment of these conditions, are among the best in 
the book, and are worthy of praise. There is a long chapter dealing with the cardio- 
vascular system in anemia, chronic pulmonary disease, chronic renal disease, minor 
infections, anesthesia, pregnancy, and athletics, and it would be well if all practi- 
tioners could be thoroughly familiar with the sane comments contained therein. 

Obviously, the author has aimed at presenting in rather brief and authoritative 
form the most important aspects of current knowledge in this field, in so far as these 
are useful in the diagnosis of disease and treatment of patients by the practitioner. 
He has succeeded extraordinarily- well. One is constantly’ impressed by his wide 
knowledge of recent literature, his ability to summarize broad topics in a few 
sentences, and especially by r his sane judgment, which is obviously based on exten- 
sive experience. There are very- few’ statements in the book to which one can 
take exception, and these are of minor importance. It is a pleasure to commend 
it without reservation. 


H. M. Marvin. 


Rheumatisciie Kreisi.aufschadigungen : By Oberarzt Dozent Dr. Siegfried 
Dietrich, II Med. TJniv.-Klinik Berlin, with a foreword by Professor Dr. G. von 
Bergmann. 178 pages, 34 illustrations, 193S, Theodor SteinkoptT, Dresden and 
Leipzig. 


This is volume 7 of the system called Der Eheumatismvs, edited by Professor 
Dr. Rudolf Jurgens. The monographs cover the entire field of rheumatic diseases. 
Dr. Jurgens explains in the editor’s foreword the widespread prevalence and im- 
portance of the rheumatic diseases, the lack of understanding of their nature, and 
Ins ambitious and basically sound plan of bringing together all of the facts and 
newer contributions of investigators and teachers and the experiences of specially 
interested physicians. He aimed to include every important item that in any waV 
might help in the solution of any of the many problems of rheumatism in all of 
ts forms and hoped to treat thoroughly the recognition, pathogenesis, prophylaxis 

rhe T’ ,r 1Ca manlfestatlons > and management and treatment of eachtype of 
rheumatic disease. Besides a consideration of pharmacologic agents, the natlrM 
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methods of healing, physical therapy, including lielio-, electro-, hydro-, and balneo- 
therapy, gymnastics, massage, and climatic management, discussions hv eminent 
physicians and investigators were to be emphasized. It was planned to make each 
monograph complete in itself. 

In a foreword to this volume, Prof. Dr. G. von Bergmann points out that 
Dietrich's monograph is the outgrowth of the traditional interest of the members 
of his clinic in the whole subject, to the practical knowledge of which many con- 
tributions had been made by his predecessors. He points out that the newer 
conceptions of the German rheumatism clinic which are set forth by Dietricli 
are most significant. 

Dietrich’s monograph fulfills the editor’s expectations. He separates rheu- 
matic fever from infectious arthritis and agrees with the English and American 
workers that the carditis should be regarded as the chief manifestation of the 
disease, while the polyarthritis, chorea, and other symptoms are complications. 
Dietrich states that fresh rheumatic pancarditis or acute inflammatory rheumatism 
may be the first act of the tragedy, which is rarely completed in a single act, and 
usually returns in the form of carditis. The seriousness of this situation is duly 
emphasized as a problem of social medicine, since two-thirds of the afflicted per- 
sons, most of whom are youths, succumb or become total invalids within fifteen 
years. In Germany every fourth death is due to heart disease, and 31 per cent of 
all invalided males were suffering from disease of the circulatory system. The 
social welfare attitude that the author emphasizes seems justified. The work of 
the English and our own New England group of workers has been substantiated. 
The author has a thorough knowledge of the literature and has had broad clin- 
ical experience. His contribution is worthy of study and should be a source of 
much help and some encouragement to those working in this important field. 
He hopes that propli 3 'laxis by increasing resistance to infection will decrease 
the destruction that is being wrought by rheumatic fever. 

George Herrmann. 

Elements de Physiologie Clinique de l’Appareil Cikculatoire (Essentials of 

Clinical Physiology of the Circulatory Apparatus) : By J. Castaigne and P. Dodel. 

Masson et Cie, Paris, 1939, 143 pages, SI illustrations, price 27 fr. 

A pocket-size book giving the information on the circulation found in most 
textbooks of physiology, with special emphasis on its clinical importance and rela- 
tionships. 

Isaac Starr. 

Die peripheuen Durchblutungsstorungen (Medizinische Praxis, Band 27) : 

By Dr. med. liabil. M. Ratscliow, Dozent fur innere Medizin a. d. Martin-Luther- 

Universitat Halle, a. S. 193 pages, 46 illustrations, 1939, Theodor Steinkopff, 

Dresden and Leipzig. 

The purpose of this twenty-seventh monograph of the series of Medical Reviews 
entitled “Medizinische Praxis’’ is, according to the introduction by Cobet, to fill 
the gap in the German literature which was filled in the English by Sir 1 honias 
Lewis’ book on peripheral vessels, and to collect and interpret in German those 
facts learned about the peripheral circulation during the last ten years which hn\e 
a clinical bearing. 

The introduction (six pages) limits “peripheral disturbances in blood flow 
to local phenomena, as opposed to cardiac failure. Thus the role of the minute 
vessels in local allergy, but not in anaphylactic or traumatic shock, comes in for 
discussion. A historical note, perhaps necessarily brief and incomplete, follows. The 
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next section (ten pages), entitled "Structure, Function, and Interplay of the 
Peripheral Vessels,” is devoted almost entirely to function. The description is 
formal, and so brief as to lie useful only in outlining the methods of vascular 
regulation for beginning students. 

A discussion of the general characteristics of, and tests for, peripheral vascular 
disturbance occupies the next forty pages. Pain on exercise he believes is the “cry 
of the tissues for oxygen.” He does not discuss Lewis’ work concerning u special 
substance as a cause of pain, but cites Brown and Allen as having shown, by 
novocainization, that arterial spasm cun interfere markedly with local circula- 
tion. Rest pain is more complicated; besides marked reduction of the circulation, 
lie believes neuritis may be a frequent cause, and that it may be distinguished 
from pain due to "prenecrotic states” by failure to relieve it by increasing 
venous pressure. In describing a work test, for pain, tlie interesting fact is 
brought out that by elevating the leg a difference between the old and the young 
as regards appearance of pain can be demonstrated. 

There follows a short discussion of the physiologic significance of color changes 
in the skin with changes in environmental temperature and position. Consider- 
able space is devoted to the meaning of surface temperature and its measurement. 
Discussing only well-known facts, he points out that normal surface temperature 
may occur in the presence of well-marked narrowing of large arteries, and, 
therefore, advocates the usual tests of function by direct and reflex heating or 
cooling of the region to be tested, and by nerve block combined with temperature 
measurements to distinguish functional from organic arterial disease. Only a 
passing statement is made concerning oscillometry and plethysmography, which 
methods, he says, in Germany are relegated solely to "scientific” use, but appear 
to have been used clinically to advantage in America. 

Reactive hyperemia, which he places under the heading, "Disturbances of tbe 
Ability of the Peripheral Vessels to Dilate,” is adequately treated. He leans to 
the view that reactive hyperemia is, as Lewis believes, probably duo to tbe 
liberation in the tissues of more than one substance, and in so doing he embraces 
the notion of 0. Muller that it may in part be the result of nervous influences. 
His apparatus for interrupting arterial circulation is described in detail, and be 
finds that study of reactive hyperemia is useful in distinguishing between certain 
vascular disorders, as follows: 


1. Delayed appearance with diffuse development of full color means complete oc- 
clusion of a large artery with good collateral circulation. 

2. Delayed appearance with diffuse faint color means that narrowing of the finer 
vessels (arteriosclerosis, for example) is present. 

3. Delayed appearance with marked mottling is indicative of very severe curtail- 
ment of the blood supply and is usually scon in endarteritis obliterans. 

4. Prompt appearance with good color which disappears quickly suggests the 
angiospastic diseases (Raynaud’s). 

5. Prompt appearance with deep color which disappears very slowly suggests 
acrocyanosis. 

The next chapter (fourteen pages) is given over to direct methods for study of 
vessels, of which there seem to he two, namely, capillary microscopy and angiography 
(roentgenography of arteries and veins after injection of contrast media). For 
estimation of the circulation he recommends capillary counts and F. Lange’s icst 
namely, the time required for the flow of blood in tbe capillaries to cease after oc- 
clusion of the circulation. 


The discussion of angiography is full and interesting. The author makes 
several points: (l) the extent of collateral circulation can be accurately as- 
eertamed. (2) If the shadow of the lumen of a vessel ends in a point the oe- 
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elusion is probably spastic; if blunt and transverse, probably organic in nature. 
(3) Corkscrew course and irregular width of lumen suggest arteriosclerosis; 
straight course and diffuse narrowing suggest endarteritis. (4) In prognosis 
of the life of an extremity, radiographic measurement of the length of^time 
necessary for the veins to empty after arterial injection is important. (5) Valu- 
able information may be obtained as to whether varices are due to obstruction 
of the deep veins or to failure of the valves of the communicating veins. Mam- 
reproductions of good roentgenograms accompany the text and illustrate these 
points. As a contrast medium the author prefers thorotrast (thorium dioxide) 
to the iodine-containing compounds such as TJroselectan, because the injection is 
unaccompanied by pain, and because he believes that the basic studies of von 
Lohr and the experiences of “the whole world” have now shown that the com- 
plications which follow its use are “trifling.” His procedure is to shut off 
arterial circulation for five minutes prior to injection, in order to dilate the finer 
arterioles, and then to follow the course of the material after injection by serial 
roentgenograms. 

The next section, a long one, is headed “Diseases Depending upon Disturbance 
of Blood Flow” (pages 73-136). A lengthy discussion concerning the nature and 
possible varieties of disturbance of flow enables the author to discard most of 
the older names for peripheral vascular diseases in his classification, and to set 
down simply several sorts of reaction. He concludes that “anders artige Reaktion 
Bereitschaf t ” means simply that subliminal stimuli take on vasomotor roles 
under certain circumstances. 

His classification divides diseases into four main headings: (I) Angiopathies, 
or diseases resulting from an increased tendency of arteries either to constrict or 
to dilate, or to do both. In this category fall Raynaud's disease, ergotism, and 
erythromelalgia. (2) Angiitides, which include endarteritis obliterans, infectious 
arteritis, mechanical (physical) arteritis, such as frostbite, and phlebitis. (3) 
Angioses, i.e., degenerative lesions which include diabetic and senile arteriosclerosis 
and varicose veins. (4) Occlusions of arteries of any sort. External and internal 
causes of disturbances of the peripheral circulation are then briefly mentioned, 
namely, cold and moisture, nicotine, infections and endocrine disturbances (the list 
seems incomplete), and several pages of description of pathologic changes which 
take place in the arterial walls and tissue follow. Numerous good photomicro- 
graphs of various thrombotic processes are reproduced. Various diseases of the 
peripheral circulation are then described briefly under the headings given in this 
classification. 

A short section is devoted to main points in diagnosis on a basis of signs and 
behavior with respect to the various functional tests, and a brief summary of 
how to localize occlusions from the character and site of pain is presented. 

The next twenty-five pages (144 to 169) deal with treatment. After stating 
the aims of treatment, he- sums up the general rules in seven “commandments”: 
(1) Iveep the extremities warm, (2) avoid injury and don’t, cut your own corns, 
(3) don’t wear circular rubber garters, (4) don’t cross your legs, (5) drink plenty 
of coffee and water, (6) avoid rich meats, and (7) don’t smoke. The author 
recommends many of the usual forms of therapy, such as local and general heat, 
diathermy, nerve block, and reactive hyperemia. He tends to believe that just 
as good an effect on the circulation, if not a better, can be obtained from inter- 
mittent occlusion of the veins as from the various suction and pressure ap- 
paratuses. Nitrites, euphyllin, eupaverin, strychnine, and, especially, various 
preparations of tlieophyllin are useful. He finds that the various choline deriva- 
tives, acetyl-j3-methyleholine chloride and carbaminoylcholin, have little effecl, 
which is what he would expect from the rapidity of their destruction in the 
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bod}'. Although lie believes that it is too oarly to make categorical statements 
about the uso of sex hormones, ho feels sure that progynon has been beneficial in 
women and "testoviron, " though less well tested, in man. Ho makes the state- 
ment that progynon can be used only in women, testoviron only in men. 

In the treatment of necrosis and gnngrcnc ho puts bed rest first. Next comes 
treatment with warm carbon dioxide baths locally, ns outlined by Cobot. Con- 
siderable space and emphasis arc given to the use and good effects of this pro- 
cedure in necrotic lesions. Of interest, too, is the emphasis which lie puts upon 
the use of local infiltration of tissues with a solution of acetylcholine and 1 per 
cent novocainc solution. The extraordinary relief from pain obtained in this 
way is, to the author, very important, since it makes the use of narcotics un- 
necessary for hours at a time. He believes that the circulation to the tissues is 
also considerably enhanced by the presence of these drugs. The last step in 
treatment is the resort to surgery, and the indication for it. is principally a 
rapid increase in the size of the gangrenous area under conservative treatment. 
Intra-arterial injection of contrast' media to determine the site of amputation 
is a necessary preliminary. 

The section on prognosis takes but half a page; it says little more than that 
most of the diseases under discussion are chronic, and that the prognosis is, in 
general, bad. 

The monograph closes with eight pages devoted to the importance of testimony 
in connection with accident and invalid insurance. He notes the frequency with 
which the onset of symptoms follows an accident, but closes with a warning that, 
since even Raynaud's disease can be fatal, deflection of judgment in the clear 
distinction between accident and disease is not permissible. 

It is a useful monograph but can hardly replace Sir Thomas Lewis’ book. 

J. Murray Stebm:. 
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THE FORMATION AND MOVEMENTS OF LYMPH 

Cecil, K. Drinker, M.D., D.Sc. 

Boston, Mass. 

A LL who deal with the physiology of the body fluids encounter again 
k aI1 d again the problem of the nature and composition of the extra- 
vascular environment. Four fluids must be considered as involved in 
the problem. They are (1) the blood plasma, (2) the capillary filtrate, 
(3) the tissue fluid, and (4) the lymph. 

I believe that there is no longer serious debate as to the fact that 
typical normal blood capillaries, such as those in the skin and in the 
subcutaneous tissue, are somewhat permeable to serum albumin and 
serum globulin. These proteins are normal constituents of lymph 
wherever it is collected, and there can he no doubt that they filter 
from the blood capillaries practically all over the body. I pointed out, 
m 1933, that where capillaries are structurally specialized, as in the 
glomeruli and the choroid plexuses, the capillary membrane is in 
rea hty a two-layer affair, and does not resemble the typical capillary 
with its single layer of endothelial cells. 

At the same time, capillaries have been held to vary greatly in 
permeability ; this idea is based largely upon differences in the com- 
position of lymph from different regions. For example, in Table I 
there are four estimations of protein in' blood and in liver lymph. No 

these hiTi m ^ b ° dy SWs SUch high P roteiil concentrations as 
ese, but I am by no means sure that this is not a concentration 

P enomenon due to the extensive water requirements of the liver We 

used to believe that a large fraction of the highly protein ! zed thoracic 

duct lymph came from the liver, but Markowitz and Mann* (1931) 

dogs, found no diminution in the volume of this lymph after ligation 
lymphatics, or even after removal of the wC" 

” f A ""“’ 
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is little doubt that iu the quiescent, anesthetized animal at least 90 
per cent of the thoracic duet lymph comes from the intestines. This 
lymph is rich in protein, and there has been much talk about the hick 
degree of permeability of the intestinal capillaries. I am inclined m 

Table I 


Protect Coxcextratiox ix Blood axd ix Liter Lymph From Four Bogs 


DOG 

TOTAL PKOTEIX IX 

grams per cext 

BLOOD SERCM 

LIVER LYMPH 

1 

7.64 

6.20 

2 

6.16 

4.45 

o 

5.91 

5.56 

4 

5.66 

5.10 


think that this opinion rests on failure to realize the mechanical con- 
ditions which affect the circulation in the gut. Examine, for example. 
Mall’s (1896) reconstruction of the blood vessels and lymphatics in 
the vail of the stomach, as seen in Pig. 1; considered mechanically, 
the same conditions recur through the entire intestinal tract. Ob- 
serve that the arteries and veins supplying the very profuse network 
of blood capillaries must pass through heavy layers of muscle before 
ramifying as capillaries. I cannot present direct evidence as to pres- 
sures, but the arrangement clearly suggests the possibility that during 
peristaltic contractions venous pressure and, consequently, capillary 
pressure may rise. At the same time lymph will be squeezed toward 
the thoracic duct. The arrangement is beautifully adapted for the pro- 
duction and movement of lymph, so much so as to make one wonder 
whether the very profuse supply of intestinal capillaries consists of 
vessels which are specially permeable, or whether what has been in- 
terpreted as excessive permeability is not simply the expression of 
the physiologic setting in which the capillaries reside. So. in con- 
sidering the permeability of capillaries, one can never think in terms 
of a simple membrane appropriately mounted for filtration in the 
chemical laboratory. It is necessary, first, to think of the histologic 
chai'acter of the membrane, whether it be reenforced, as in the 
glomeruli, or possibly latticed, as in the case of the spleen. Second, 
one must examine the setting of the capillaries, whether they are sub- 
jected, as in the gastrointestinal tract, to mechanical influences calcu- 
lated to alter pressures in such a way as to produce filtration. Third, 
one must take into account a long list of chemical and physical con- 
ditions which have been held to affect filtration and attempt to decide 
whether they alter the membrane, or whether they alter pressure re- 
lations, and thereby induce greater filtration through an unchanged 
membrane. The most important of such conditions are the following: 

1. Oxygen lack and carbon dioxide increase. 

2. Activity of the tissue under observation. 
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3. Miscellaneous chemical and hormonal effects, such as the possible 
production of histamine, and such hormonal factors as those Mho 
influence the oestrus edema of the sexual skin in monkejs. 

4. Increase and decrease of plasma protein concentrat ion. 


-5. Temperature. 

6. Capillary blood pressure. 

7. Tissue pressure. 

8. Contraction and dilatation of capillaries. 

9. Arteriovenous anastomoses. 

All of these factors, except the last, have large places in the liter- 
ature of capillary permeability. The possible relation of arterio- 
venous anastomoses to capillary filtration is Just beginning to be 
appreciated. These anastomoses were described in 3877 by Hoyeiy 
then forgotten, and now are moving into physiologic prominence after 
a period of extensive and profitable anatomization. 



Fig. 1 .— Reconstruction of a small portion of the middle zone of tlio stomach. 
The long diameter of the drawing Is In the direction of the longitudinal muscle 
fibers. It was built up from 3G drawings, and each drawing Js an exact representa- 
tion of a specimen. Enlarged 20 times, a, mucous coat; b , muscular!* mucosae; <\ 
submucous coat; d, circular muscle; c> longitudinal muscle. (From Mall, F. : The 
vessels and Walls of the Dog's Stomach, Johns Hopkins Hospital Kcports is 1, 1S9C.) 


They would seem to present a beautiful mechanism for preventing 
excessive capillary pressures when blood flow is exlremely rapid. 
Let us consider an individual exercising violently. Capillary blood 
flow is enormously increased in order to provide the necessary oxygen, 
but excess pressure in the capillaries is in all probability prevented 
by opening of the arteriovenous by-passes. All of us who have per- 
fused isolated organs have learned to use a by-pass of varying re- 
sistance in order to prevent excess pressures. In regard to filtration 
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from the capillaries, the arteriovenous anastomoses, when widely 
open, may thus be thought of as lessening the pressure head in the 
capillaries and increasing the load upon these vessels if they are con- 
tracted. 

The admission that normal capillaries leak the blood proteins illus- 
trates the usual plight of the physiologist. It simply pushes him on to 
another question: How permeable are the capillaries to protein, or, 
to put it in a more practical fashion, what is the nature of the capillary 
filtrate? Efforts to answer this question have been of two types. 
First, there have been attempts to cause increased capillary filtration, 
and then calculate the probable protein concentration of the filtrate. 
A noteworthy example of such experiments is that of Landis, Jonas, 
Angevine, and Erb 3 (1932). They declared that the capillary filtrate 
in the human arm contained not more than 0.3 per cent of protein. 
Figures for the protein concentration of normal peripheral lymph are 
extremely few. Some years ago, White and I cannulated an ankle 
lymphatic in my associate, Miss Field. She walked about with the 
cannula in place, and the lymph produced contained 0.49 per cent of 
protein. This is a low figure, but it is certain that the fluid escaping 
from the blood capillaries is concentrated either where it passes out, 
or in a lymphatic trunk before it can be collected for analysis. 

The second method of determining the nature of the capillary filtrate 
consists in the measurement of the protein content of edema fluid, 
particularly in cases of cardiac edema. Bramkamp* (1935) provides 
a fairly recent example. In twenty-six patients with the edema of 
congestive heart failure, the protein varied from 0.03 to 0.54 per cent. 
In such persons reabsorption of water is considered not to occur, 
and the edema fluid is thus not only capillary filtrate but tissue fluid 
at the same time. It appears right to make this assertion for the condi- 
tions in question, but reabsorption of water is not prevented under 
normal conditions in healthy persons, and there is no valid reason to 
believe that concentration of extravaseular fluid does not occur. 

Again we are confronted by a question. If concentration of ex- 
travascular fluid occurs, are tissue fluid and lymph affected alike, or is 
concentration more prominent in one than in the other? 

Actual collection of tissue fluid in the normal mammal has never 
been accomplished, but recently Maurer 5 (1938) has succeeded in col- 
lecting tissue fluid from frog muscle. His method consisted in piercing 
the muscle longitudinally with a fine capillary tube. By an ingenious 
technique, he showed that because of the toughness of the sarcolemma 
the capillary invariably passed between muscle cells and did not wound 
them. When the tube was -withdrawn it contained cleai’, straw-colored 
fluid, uncontaminated with blood. In nine samples of this tissue fluid 
Maurer found that the protein vai'ied between 0.44 and 3.54 per cent, 
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, » -0 cell t "With Churchill anti Nnknzawn® 

with an average of l.o3 pei cent. vaT i c d 

(1327), I found that the protom m the lymph < '-5 ® T) 

between 0.29 and 2.17 per cent, wlh an average o .0 pm cent 

agreement is close enough to enable one to say that m t • G 

stance in which tissue fluid has been obtained it is identical in - 

position with lymph. If such were found to be the enso { 

then lymph, which ean he collected from many parts of the body and 

Zn isolated organs, such as the heart, would become .» mp£«t 

instrument for physiologic analysis, m that tf would .calls ledecl 

the environment of the body cells. _ . 

But in the mammal the best direct evidence for the identity of tissue 
fluid and lymph is offered by studies in which, as edema develops, 
permitting the collection of tissue fluid, lymph has been obtained from 
the same part. Examples of such determinations are found m 1 aides 

TI and III. 

Several years ago wc (Drinker, Field, and Homans,’ .1934) producec 
fairly complete obstruction of the lymphatics in the leg of the dog. 
Lymphedema develops slowly in such animals, and as it begins to ap- 
pear a puncture wound will provide clear edema fluid. At the same 
time one may cannulate an ankle lymphatic and collect lymph. Table 
II presents data obtained in this way from four dogs. There is 
obviously close agreement between the values for protein concentration 
in the two fluids. Veech and his associates (1934) B made precisely 
similar observations upon dogs rendered edematous by plasmapheresis, 
or bj r protein deprivation, which are listed in Table TIT. Again there 
is agreement in protein values. 

"Whether or not lymph and tissue fluid are reasonably identical in 
composition must continue to be the subject of experiment, and direct 
experiment if possible. But whatever the final result may be, there 

Table II 

Simultaneous Protein Values in Lymph and Edema Fluid From tuf. Feet of 
Dogs Rendered Edematous by Lymphatic Obstruction 


NO. OF ANIMAL 



DATE 

LYMPH rnOTF.IN 
(%) 

EDF.MA FLUID 
PROTEIN (%) 

0/15/33 

3.37 

3.37 

4 / 3/34 

2.4S I 

3.45 

4/ 0/34 

2.55 | 

1.80 

2/25/33 

2.07 

2.00 

3/ 8/33 

2.45 

2.20 

3/28/33 

2.2S 

2.75 

5/ 5/33 

2.97 

3.37 

10/10/33 

3.17 

3.17 

4/ G/34 

2.50 

2.07 


can he no doubt that lymph is formed from the extravaseular tissue 
fluid, and the state of this fluid in the tissues is thus a matter of conse- 
quence for us. All varieties of experiment show that in normal tissues 
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very little free fluid exists. A hypodermic needle thrust beneath the 
skin produces nothing. No one who has worked upon the physiology 
of lymph formation and movement in vessels other than the thoracic 
duct has ever failed to be annoyed by the small amounts of lymph 
obtained. 

Table in 

Comparative Protein Contents of Edema Fluid and the Lymph Collected Im- 
mediately After Cannulization 

(From Weecli, Goetseh, and Beeves 8 ) 


DOG 

NO. 


HIND 

LEGS 


1 

FORE 

LEGS 

1 

ASCITIC 

FLUID 

NATURE OF 
EDEMA 

RIGHT 

! LEFT 

RIGHT 

| LEFT 

EDEMA 

FLUID 

LYMPH 

EDEMA 

FLUID 

LYMPH 

EDEMA 

FLUID 

LYMPH 

EDEMA 

FLUID 

LYMPH 


per 

per 

per 

per 

cent 

per 

per 

per 

per 


4 

cent 

cent 

cent 

cent 

per 

cent 

cent 

cent 

cent 


5 

0.23 

0.1S 








Nutritional 

8-40 

0.04 


0.02 

0.11 





0.02 

Nutritional 

S-06 

0.17 

0.2S 

0.14 

0.60 


0.31 


0.23 

0.13 

Nutritional 

8-38 

0.0S | 

0.53 


0.30 


0.29 



0.32 

Nutritional 

9-92 





i 

0.07 


| 0.06 

0.01 

[Plasmapheresis 

6 






0.32 


0.15 

0.03 

Plasmapheresis 

5-8 

0.09 

0.06 

0.08 







Plasmapheresis 

9-1 

0.86* 

0.38 

0.95* 







plasmapheresis 

2-3 



0.17 

0.19 

0.16 

0.14 




Nutritional 

1-31 

0.04 

0.01 

0.16* 






0.01 

Plasmapheresis 


•These edema fluids contained blood. 


Observations such as these have caused it to be held that the tissues 
contain no free fluid, that the extravascular environment is a sort 
of gel (Clark and Clark, 9 1933). While I am in absolute agreement 
with the conception that there is little free water in the tissues, I do 
not see how they can resemble a gel. One may thrust needles into 
gelatin as long as one pleases, and no water will escape, even though 
the gelatin is quite fluid. Also, if there is no free fluid in the tissues, 
how does one account for the fact that though lymph is ordinarily 
small in amount, still it is there, and no one has ever demonstrated 
glandular activity for lymphatic endothelium, secretory ability such 
as is possessed by the salivary glands in abstracting water and other 
substances from the blood. The formation and composition of lymph 
depend on the status of the tissue at the moment. Thus, Field and 
Drinker 10 (1931) found that the protein content fell and the rate of 
lymph flow rose promptly when dogs were subjected to acute plasma- 
pheresis, and Haynes 51 (1932) showed that immediately after severe 
hemorrhage lymph flow fell and lymph protein became more concen- 
trated. 

As far as T can see, all evidence indicates that the lymph keeps closely 
in touch with the extravascular environment, and the prime func- 
tion-- of the lymphatics is to remove extravascular protein which in 
their ‘ absence accumulates and leads to edema. The lymphatic endo- 
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thelium is apparently very permeable lo tlic blood proteins mid to 
many things o f even larger size which do not enter the blood when 
deposited in the tissues. 

The formation of lymph is thus, first of all, dependent upon the 
amount of free fluid in the tissues, and, second, upon influences which 
empty draining lymphatics and permit further absorption of ran 
material by lymphatic capillaries. Let me illustrate bv picturing 
the situation in the skin and subcutaneous tissues when edema occurs. 
If histamine is injected into the skin, edema occurs rapidly and the 
free fluid in the tissue is at once increased. In llie loose connectiie 
tissue one sees separation of fibers, and on careful observation it soon 
becomes apparent that the lymphatics arc becoming dilated. Pnllinger 
and Florey 12 (1935), whose work is shown in Fig. 2. found that 
lymphatic capillaries are attached to surrounding tissues. When 
edema occurs, though tissue pressure may be increased, they are 
pulled open, and the permeability of their walls for the constituents of 
the edema fluid causes them to fill with it. If edema formation is 
abrupt and continuous, the mere fact of its existence may produce 
lymph flow from trunks draining the part. Some years ago we can- 
nulated an ankle lymphatic in a dog and then dipped Ihe foot, in very 
hot water for two minutes. The foot swelled rapidly, and lymph 
which was practically blood plasma flowed in a steady stream from 
the cannula, which was placed well above the lesion. But to secure 
an increase in lymph flow from edema alone one needs a rapid, marked 
increase in tissue pressure, and in the ordinary congestive edema this 
does not occur. If, however, the edematous part is massaged or moved 
actively or passively, lymph flow will be more rapid than normal. The 
bedridden patient with cardiac edema delivers exceedingly little edema 
fluid back to the circulation via the lymphatic system. Only by move- 
ment or massage can any impression be made. 

Too much of our information upon the normal movements of lymph 
has been based on data concerning the flow from the thoracic duct in 
quiescent, anesthetized animals. Under such circumstances prac- 
tically all of the lymph collected comes from the gastrointestinal tract 
and from the heart. It is usually thought that one obtains very little 
thoracic duct lymph unless the animal is digesting fat. This is not 
so. The thoracic duet lymph owes its volume to the intestinal blood 
capillaries which supply the water and the protein of the lymph. 
The actual volume of fat absorbed is small; in fact, one often gets the 
largest volumes of thoracic duct lymph after fat, deprivation. A good 
circulation and active peristalsis are the factors which cause "free 
movement of lymph from the intestine. 

Of greater interest to us are the ordinary movements of lymph in 
such regions as the skin. The extent of the lymphatic capillary system 
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Fig. 2 — A. Histamine edema in mouse's ear. Widely opened lymphatics containing 
hydrokollag, superficial to skeletal muscle bundles. Connective tissue fibers attached 
to walls. Stained with iron-hematoxylln and van Gieson. B. Histamine edema in 
mouse’s ear. Deep lymphatic near central cartilage, widely open, containing hydro- 
kollag and with connective-tissue fibers attached to walls. Silver impregnation. C. 
Histamine edema in mouse's ear. Superficial lymphatic containing hydrokollag, widely 
dilated. Wall attached to collagen fibers in the corium. Stained with azan. J). 
Superficial lymphatic in edematous ear in a section 14g thick, showing wall, cut 
tangentially, composed of interlacing fibers of collagen and retfculum. Silver im- 
pregnation. The dark mass at the bottom is skin epithelium. (From Pullinger and 
Florey 55 .) 
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iu the skin is little appreciated. Fig. 3 is a reconstruction of the 
capillary lymphatics of the skin. There are two plexuses, a super- 
ficial one just beneath the epithelium, containing few valves, and a 
second in the deeper part of the corium and in the subcutaneous 
areolar tissue beneath it. The two plexuses communicate freely and 
empty into large valved trunks which are found close to the veins. 
The arrangement is, in effect, an enormous superficial net contain- 
ing very few valves in the outer part, and continuous all over the body. 
In the outer plexus lymph will move in any direction decreed by 
gravity, by motion, or by massage. The difficulty of obstructing the 
superficial network is obvious enough. Nothing short of complete 
destruction will accomplish it. The anatomic arrangement makes it 



and subcutaneous area^o'f th<? leg^of mm * * '( 4 'm' n “n C T 1 ? x . us 3n tI,e cutaneous 

rectangle i n the upper corner indicates naturoi itn fetus ; XGG%. White 

numerous valves, and the dralnaire ♦ ze of , the area shown. Note the 

(From% n aispos !‘ J ' and more slender lymph b channels® P « S t ’ l n e _, decper - more 
(From Kampmeier, O. F. : The Genetic v '& , ' ona . sa P ]l ena magna. 

System of Man, Am. J. Anat 40: 413, 1928.) ^ f the Valves in tllc Lymphatic 


Clear that if one gets obstruction of the deeper lymphatics in a part, 
t >s still sometimes possible to discover superficial vessels, and if 
the part is massaged or given opportunity to drain hy gravity 1 
may find its way in the meshwoAas the external force a*T£ 
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Recent work (Forbes, 13 1938) indicates that there is free communica- 
tion between skin lymphatics across the midline of the body and gives 
no indication that local areas are separated from other parts, as has 
often been thought. 

It is easy to collect skin lymph from a cannulated ankle lymphatic 
in a dog. In Fig. 4 the position of the cannula is shown. It is in- 
serted under local anesthesia, and then the dog may walk or run quite 
normally for many hours. When he lies quietly no lymph flows from 
the cannula. When he walks at a uniform rate lymph flow soon be- 
comes quite steady. I 14 described different facts learned by means 
of this preparation in a Harvey Lecture last year and will not review 
the material again, but I do wish to point out one thing. If we cause 
such an animal to walk until lymph flow becomes constant, and then 
permit him to rest for half an hour before again walking at the same 
rate, he will invariably begin the new period of movement until a 
large flow of lymph which will decrease as walking continues. When 
he lies still no lymph leaves the part, and fluid apparently accumulates 
until tissue pressure balances filtration pressure. Under these circum- 
stances water and crystalloids may be absorbed by the blood capillaries 
and replaced from them, but, after a time, loss of protein from the 
capillaries must be slight. As soon as the animal walks, tissue fluid 
and lymph are caused to enter and move in the lymphatics, and capil- 
lary filtration may again become active. 



Fit- j Front lee of dog Avitli cannula in a collecting lymphatic and tied to tli 

skin. ( From Drinker, C. K.f and Field. M. E. : Lymphatics, Lymph and Tissue Fluid. 
Baltimore. 1933, p. 89, Williams and Wilkins Company.) 
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During the past winter we have made a new preparation which per- 
mits us to obtain lymph in a normal manner from anesthetized animals 
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from the nasopharyngeal mucosa. We have used the preparation to 
study lymphatic absorption from the surface of the nasopharynx, hut 
it applies to much besides. After the lymphatics have been cannulnted 
a cannula (D, Pig. 5) is placed in the trachea, and an L tube (C, Fig. 
5) is inserted in the trachea above it. The snout of the dog is now at- 
tached to a rotating bar, and by elastic bands to uprights upon the 
animal board. Under anesthesia and quiescence one obtains little or no 
cervical lymph from the dog ; but if the rotator operates, the head nods 
deliberately ten times a minute and lymph flows steadily from the cannu- 
la ted vessels as long as one cares to make observations. Many things 
may be accomplished. For example, suppose a catheter is inserted in the 
nose. Physiologic salt solution, at any temperature, with any sort o f 
addition one pleases, may be irrigated through the nasopharynx and out 
of the L tube in the trachea. In Fig. 6 is displayed the type of informa- 
tion which may be elicited. The upper curve gives the protein con- 
centration of the lymph in per cent, the middle curve the volume of 
lymph per minute in milligrams, and the lower curve the lymph protein 
in milligrams per minute. After a period of about forty-five minutes, 
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Fig. 6. — Chart illustrating sensitivity of method. The upper curve shows the per- 
centage of protein in the pooled lymph from both cervical ducts of a dog. n “ 
lower curves are charted the total amounts of lymph and of lymph protein c °* le t . 
per minute. During A, the external jugular veins were clamped for six mmuics . 
during B, the nasopharynx was perfused with Kinger’s solution at the tempertn 
indicated. Note the changes in cervical lymph flow and in protein content cm us 
by the increase in venous pressure and by the local application of hear io» 
(From JlcCarrell 15 .) 


during which lymph flow falls, as is always the case when activity 
succeeds quiescence, the two external jugular veins were clamped in 
order to produce an increase in capillary pressure. Observe the im- 
mediate effect upon the volume of lymph and upon the amount of protein 
collected. The nasopharynx was then irrigated with Ringer's solution at 
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In conclusion, let me point out that I have been describing direct 
experiments on a part of the circulation which has been too much 
neglected, or has been the subject of calculations and deductions through 
indirect methods. It is a system acknowledged to play a potent part 
in disease, but few clinicians have knowledge even of its anatomic ex- 
tent. I have been much honored in being permitted to call your atten- 
tion to the possibilities of thinking in terms of the lymphatics, and hope 
that my introduction may lead to offspring in the shape of contributions 
to the clinical physiology of the lymphatic apparatus, in addition to your 
regular productions upon the circulation of the blood. 
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THE CORONARY ARTERIES OF THE DOG 

M. Besso Pianetto, M.D. 

Rosario, Argentina 

B EFORE experimenting on the coronary circulation it is necessary to 
become familiar with its anatomic peculiarities. With this purpose 
in mind, I performed numerous dissections in the dog and found certain 
things which were not in agreement with previous descriptions of the 
coronary arteries in this species. Since the dog is much used at this 
time for experiments of this nature, I thought it might be worth while 
to publish my observations, with a concise but complete description of 
the anatomy of the coronary arteries of the dog. 


TECHNIQUE 

The heart was removed immediately after death; its cavities were washed out 
with tap water; and it was placed in the refrigerator, at 5° to 30° 0., for twenty- 
four hours. The main trunks of the coronary arteries were then dissected, and 
threads were placed on them for tying the cannulas used for injection. These were 
placed after the aorta, free from the pulmonary artery mul surrounding tissue, 
had been opened by dividing it lengthwise down to its origin. The coronary system 
was washed out with warm (45° C.) saline, and then a radiopaque colored mixture 
was injected. The method of injection and the lead acetate, sodium diphosphate, 
and agar mixture were those recommended by Sehlesingcr.i 

Roentgenograms were made of the anterior and lateral aspects of the heart; 
tho viscus was then opened by Schlcsinger 's method of section and more roentgeno- 
grams made. A dissection of the minor branches, using the roentgenograms ns 
guides, was then carried out. 

For purposes of description the heart is considered as having an anterior and 
a posterior aspect, a left border (nmrgo obtusus) and a right, border (nmrgo 
acutus), a base and an apex. The aortic cusps will be named according to their 
position: anterior right, anterior left, and posterior. 

Altogether, thirty-one hearts have been studied, although some were only par- 
tially injected. They were obtained from dogs differing greatly in size, weight, 
age, and breed. For this reason, measurements arc valid only for the individual 
observed and are given only for illustration. 


DESCRIPTION 

Authors describe two coronary arteries in the dog, the left and the 
right. Moore 2 found two right coronary arteries in 20 per cent of his 
animals. I have found constantly two left coronary arteries, the cir- 
cumflex and the anterior desccndens (a. sulci lonfjiiudinalis anlcHoris ) ; 
in nearly one-third of the cases the septal artery also had an independent 
origin, and, more rarely, a fourth artery, which runs diagonally down 
the anterior aspect of the left ventricle, may he found. Usually only 
one right coronary artery was seen, but in some dogs there were two 
and even three. 
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Left Circumflex Coronary Artery. — This originates in a small fossa, 
or depression, in the aortic wall, situated, in 79 per cent of the animals 
on a level with the edge of the anterior half of the anterior left aortic 
cusp, somewhat further hack in the remaining 21 per cent. The diam- 
eter of the depression varies with the size of the dog, being about 4 mm. 
in a 20 kg. animal; its depth corresponds to the thickness of the aortic 
wall. The anterior deseendens also originates in this fossa, to the right 
of the circumflex, but there is no common trunk as there is in man. 

The circumflex artery runs in the left auriculoventricular sulcus; its 
first part is covered by the left auricular appendix; on reaching the 
sulcus longitudinalis posterior it descends along it toward the apex (r. 
sulci longitudinalis posterioris). In no case did the circumflex end 
before reaching the posterior longitudinal groove; this corresponds to 
Banglii and Crainieianu ’s type IV in man. 

The length of the artery varies from 55 to 160 mm., depending on the 
size of the animal ; its diameter near the aortic orifice varies from 1 to 
2.5 mm. 



Fig 1 . 1. — Origin of the coronary arteries in the aorta. 


The branches of the circumflex can be distinguished as descending, 
or ventricular, and ascending, or auricular. There are two to six prin- 
cipal ventricular branches, and several minor ones. The most prominent 
are: (1) a branch leaving the circumflex at the level of the left border 
and descending toward the apex, usually ending 10 to 15 mm. before 
reaching it (r. marginis obtusi ) ; (2) a branch arising shortly before 
the circumflex starts to descend, going to the posterior aspect of the 
right ventricle (r. ventriculi dcxtri posterioris) ; and (3) the terminal 
branch (r. deseendens posterior ant sulci longitudinalis posterioris ), 
which ends at the apex, or shortly before. Its length varies, depending 
on the size of the dog, from 25 to 85 mm. ; it gives out branches to the 
posterior aspect of the left ventricle and the left papillary muscles. 
Shorter branches supply a narrow strip, about 10 mm. wide, of that 
part of the right ventricle contiguous to the posterior longitudinal 
groove, and several small branches penetrate the septum; but I ha\e not 
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found one which could he individualized as was that described by 
Bianchi and Spaltelioltz (quoted by Condorelli 3 ), irrigating, in some 
eases, the fibrous part of the septum. According to Haas and Ivalm 
(quoted by Condorelli). this small artery nourishes the aurieulovcn- 
tricular node and the bundle of His. the branches of the bundle being 
supplied by the septal artery. Owing to its inconstancy, all of the 
aurieuloventrieular conduction system can receive its blood supply from 
the septal artery. 

The ascending, or auricular branches , are two to four in number. 
Near the origin of the circumflex a branch is sent to the left auricular 
appendix, in some cases. In others it is given off by another branch of 
the circumflex, the r. atrialis sinister anterior. This nourishes the ante- 
rior and superior aspects of the left auricle, and. in 75 per cent of my 
cases, contributed to the supply of the sinoaurieular node. In my series 
this branch never originated from the a. dcscendcns anterior, as was 
noted by Condorelli. Other branches of the circumflex go to the poste- 
rior aspect of the auricle and the interauricular septum. 

Anterior Descending Coronary Artery (a. dcsccndins anterior, a. 
sulci longitudinalis antcrioris). — This originates in the left coronary 
fossa to the right of the circumflex artery; it runs down the anterior 
longitudinal sulcus, ending, in some cases, a little (not more than 20 
mm. ) above the apex : in others it not only reaches the apex, but also goes 
up the posterior aspect a short way. Its length varies, depending on 
the size of the dog. from 60 to 110 mm., and its diameter near its origin 
varies from 1 to 2.5 mm. 

The branches of this artery supply the anterior aspects of the left and 
right ventricles and the septum. The branches to the left ventricle arc 
three to seven in number. One arises about 40 mm. from the origin of 
the artery ; it is constantly found, and, because of its size, v. Scbulthess- 
Rechberg (quoted by Condorelli) has named the site of its origin the 
“division of the anterior descending branch.” In four of my thirty- 
one animals the first branch arose directly from the aorta in the left 
coronary fossa already described. It runs diagonally down the anterior 
aspect of the left ventricle, giving off small branches; it should be 
called ramus ventriculi sinistri primus, or, when originating in the aorta. 
artcria ventriculi sinistri prima aut diagonalis. Moore 2 describes tins 
branch as originating from the circumflex. 

The branches to the right ventricle number three to five; with the 
exception of the first one, they are all veiy small: they supply a narrow 
band, not more than 15 mm. wide, of the anterior aspect of the right 
ventricle, adjacent to the sulcus longitudinalis anterior. 

The branches going to the septum are very small and short with the 
exception of the first one. This last originated, in 70 per cent of nn 
animals, about 5 mm. from the source of the anterior descending artery 
but in the other 30 per cent it arose directly from the left coronary 
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fossa. I lm vo nt'vor seen it originate from the circumflex, :is Itmuu- 
gnrtcii (quoted by Condorelli) has. Because of its constancy, impor- 
tance. and not infrequently independent origin, if should he called 
arieria septum vcnlrintlontm. This septal branch, or artery, penetrates 
the septum at its anterosuperior angle and ends in the posteroinforior 
angle. At first it lies superficially with respect to the right ventricular 
cavity, covered by only a few muscular strands. The second half pene- 
trates deeply into the septum; it has numerous branches, of which the 
first, going upward, and the second, running downward, can always he 
individualized. This artery supplies the right, papillary muscles and 
the whole septum, with the exception of the anteroinferior angle, which 
is nourished by the anterior descending artery, and the. posterior border, 
which is irrigated by the terminal branch of the eireumflex. 



Ihght Coronary Artery— This artery arises at the middle of the ante- 
rior right aortic cusp. In 40 per cent of my dogs there were two right 
coronary arteries, a principal and an accessory one. The hitter, when 
it exists, is small and short; it usually originates in a small orifice at the 
anterior edge of the principal artery; less frequently it originates about. 
1mm. m front of this ostium ; it runs in a forward and downward direc- 
tion, supplying a small portion of right ventricle below the ori-in of flu- 
pulmonary artery. ° 
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The principal right coronary artery lies in the right auriculoven- 
tricular groove in the midst of abundant fatty tissue; its first part is 
covered by the right auricular appendix. Ellemberger and Baum 4 and 
Condorelli 3 maintain that the right coronary artery does not pass the 
margo acutus in the dog; Ellemberger and Baum describe a r. marginut 
acuti as the terminal branch. Bianchi (quoted by Condorelli) also 
agrees that the right coronary supplies only the anterior and lateral 
aspects of the right ventricle. In my animals this artery always in- 
vaded the posterior aspect, ending about 5 mm. from the sulcus longi- 
tudinalis posterior. Its length varied between 30 and 65 mm., and its 
diameter between 1 and 1.5 mm. 

The branches can be divided into descending, or ventricular, and 
ascending, or auricular. The ventricular branches number four to nine ; 
none is especially remarkable for its size or constancy, and there is not 
even a constant r. marginis acuti; they supply the walls of the right 
ventricle, but nowhere do they reach its borders, which are nourished 
by other arteries. 



Fig. 5. Fi s- G - 

Fig. 5. — -Anterior aspect of the heart injected and radiographed. 
Fig. 6. — Left aspect of the heart, injected and radiographed. 


The auricular branches are three to five in number; they supply the 
right auricle. The first branch goes to the right auricular appendix. 
The most important is the r. atrialis dexter posterior, which it ligates 
the walls of the right auricle, the intcrauricular septum, and the sino- 
auricular node. This distribution coincides with that found by Maldo- 
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nado-Allcndc and Orins, 5 but differs from tlmt described by Condorolli, 
who maintains that the S-A node is supplied by the r. tiffin I is dexter (infe- 
rior. In this series the most, important atrial branch of the right coro- 
nary artery originated near the end of the artery on the posterior aspect 
of the auricle, after the origin of an anterior branch and one or more 
of smaller caliber that could be denominated intermediate branches. It 
is, therefore, called r. afritdis dexter post trior, rather than intermedium, 
as it was designated by Meek, Keenan, and Theison/ 1 The territory 
irrigated by .Meek, Keenan, and Theison 's r. intermedins is about the 
same as that supplied by the r. posterior, but the origin described is more 
proximal than that found in this series. 

I have not been able to demonstrate the o. odiposue which Bianebi 
(loe. cit.) has found in all eases. As they arise very near the origin of 
the main arteries, I suppose they were not injected by the method 1 
employed. 



Right coronary terr itory ESS} 
A-V node region 


Pis’. 7. — Left coronary territory, rlpht coronary territory, and A-V node replon 
mippllcd by rlelit and left coronary nrterlex. 


Anastomoses . — The existence of anastomoses can be shown when per- 
forming the saline injection; the fluid injected through a cannula 
placed in one artery flows out of the other arteries. Following Schlcs- 
inger’s technique it is possible to locate these anastomoses by dissec- 
tion. I have found fine connections between the ventricular branches 
of the right coronary artery and the right ventricular branches of the 
anterior descending artery and the terminal branches of the circumflex 
(?\ descendens posterior). Also, I have seen anastomoses between the 
r. marginis obtusi and the left ventricular branches of the anterior de- 
scending artery. Communication is thus established between the terri- 
tories of the three principal coronary arteries (right coronary, anterior 
descending, and circumflex). This by no means pretends to be a com- 
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plete list of all the anastomoses that exist; Baumgarten and Spalteholtz 
(quoted by Condorelli) maintain that they are very numerous. 

Areas of Blood Supply. — As in other animals, but differing from man, 
in the dog the left coronary arteries supply a larger territory than the 
right coronary artery. The latter nourishes only the right auricle, the 
interaurieular septum, and the middle parts of the right ventricle. The 
circumflex coronary artery supplies the left auricle, the lateral and 
posterior aspects of the left ventricle, the posterior edge of the inter- 
ventricular septum, and a narrow strip of the posterior aspect of the 
right ventricle. The anterior descending coronary artery supplies the 
anterior aspect of the left ventricle, that part of the anterior aspect of 
the right ventricle adjacent to the anterior longitudinal groove and the 
apex, and the interventricular septum. The sinoauricular node receives 
its blood supply from the right coronary artery and (75 per cent of my 
observations) also from the r. atrialis anterior of the circumflex. 

I wish to thank Professor J. T. Lewis for the help and encouragement he lias 
given me in the preparation of this paper. 
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HYPERTONIC GLUCOSE SOLUTION IN ANGINA PECTORIS 

David Scherf, M.D., and Jonas Weissberg, M.D. 

New York, N. Y. 

S INCE glucose is a fundamental nutritive substance for all tissues 
and organs of the body, it has found very extensive use in medi- 
cine. Recently several investigators observed that the isolated heart, 
when perfused with glucose, responded with stronger contractions. 
Hence, its clinical use seemed logical. 

One of the effects of concentrated glucose solution was thought to 
be vasodilatation. It seemed very probable that this action could bb 
beneficial to the patient with heart disease, especially with angina 
pectoris. Hence, concentrated glucose solution became widely popu- 
larized in the treatment of angina pectoris. We employed this therapy 
for more than 30 patients with typical effort angina. The results when 
critically and carefully followed were never good, and it was noted 
that several patients developed anginal attacks immediately after the 
injection of concentrated glucose solution. Severe precordial pain, 
extreme anxiety, and profuse perspiration were noted, and nitroglyc- 
erine was necessary for relief. Other physicians whom we questioned 
in regard to this matter confirmed our observations, and it was there- 
fore deemed advisable to investigate the effect of hypertonic glucose 
on the electrocardiogram. 

We studied (1) the effect of hypertonic glucose solution, injected 
intravenously, on the electrocardiogram of patients with effort angina ; 
and (2) the effect of hypertonic glucose solution on the after-exercise 
electrocardiogram of patients who had cardiac pain on effort. 

In a previous paper, 1 we reported the electrocardiographic changes 
after injecting hypertonic glucose solution in patients with normal 
hearts and in patients with heart disease but without effort angina. 
In most instances there was a slight increase in the height of the posi- 
tive T waves after the injection of hypertonic glucose solution in the 
patients with normal hearts. ^However, in a group of fifteen patients 
with heart disease, but without effort angina, quite different results 
were obtained. In eight of these cases, in which coronary sclerosis 
existed, the electrocardiographic changes noted were flattening of an 
upright T wave or an increase in the depth of an already inverted T 
wave, and increased depression or elevation of the S-T segment. The 
patients with rheumatic heart disease in this group presented no elec- 
trocardiographic alterations. 
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I. ELECTROCARDIOGRAPHIC CHANGES AFTER THE INTRAVENOUS INJECTION 
OF HYPERTONIC GLUCOSE SOLUTION IN PATIENTS WITH ANGINA OP EFFORT 

In this group there were fifteen patients, all of whom gave a history 
of typical cardiac pain on effort. Twelve of the patients had arterio- 
sclerotic heart disease, three of whom also had hypertension, one pa- 
tient had syphilitic heart disease with insufficiency of the aortic valve, 
one patient had rheumatic aortic stenosis, and one patient had rheu- 
matic mitral stenosis. In each instance an electrocardiogram was 
taken first with the patient at complete rest, and then electrocardio- 
f grams were taken immediately, five minutes, and, in several instances, 

, ten minutes after the intravenous injection of 50 e.c. of 50 per cent 
glucose solution. Twelve of the fifteen patients showed marked elec- 
trocardiographic changes following the injection of the glucose. Seven 
of these patients developed some degree of precordial pain, and in two 
the pain was so severe that nitroglycerine had to be given. The pain 
in these two instances was associated with marked pallor and profuse 
perspiration and lasted ten minutes ; the nitroglycerine gave prompt 
relief. 

The changes observed were similar to those seen in patients witli 
coronary sclerosis without effort angina but -were frequently much 
more pronounced. In two instances there was a definite increase in 
heart rate associated with the pain, but this was probably a conse- 
quence rather than a cause of the pain, in view of the fact that angina 
after the injection of glucose was observed without any change in rate. 
| In one case we noted that the heart rate increased only afier the ap- 
I pearance of precovdial pain. 

Pig. 1 shows the electrocardiograms of a 54-year-old woman with 
a history of angina on slight effort and following the ingestion of a 
heavy meal. Hypertension was also present. The three limb leads 
are here recorded with the patient at rest (Fig. la), and it will be 
noted that auricular fibrillation and a slight depression of the S-T 
segments in Leads I and II are present; the latter was due to digitalis. 
The T waves are upright in all three leads. The beating is irregular, 
and the rate is 70 per minute. Tracings were taken immediately after 
50 c.c. of 50 per cent glucose solution had been given intravenouslj 
(Pig. lb). The- patient complained of precordial pain immediately 
after the injection. The S-T segments in all leads are depressed; this 
is particularly evident in Lead II. T ;i is now inverted, and the rale 
is 110 per minute. Tracings were then taken 5 minutes after the in- 
jection (Fig. lc), and it will be noted that the changes are similar to 
those in Fig. 15, but less pronounced. The original pattern is evi- 
dently returning. The pain was not quite as intense, and the rate 
diminished to 100 per minute. 

The patient had a recurrence of very severe pain about 7 minutes 
after the injection and broke out into a cold sweat. Ihe next tr.u- 
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ings were taken 10 minutes after the initial injection (Fig. Id), and 
it will be noted that the S-T segments are now more depressed than 
in Fig. lc. Coincident with the return of pain, it will be noted that 
the rate increased to 120 per minute. 

The same results were obtained when the injection ot hypertonic 
glucose solution was repeated. 

Fig. 2 shows the electrocardiograms of a 55-year-old woman with n 
history of precordial pain of several years’ duration, precipitated, as 
a rule, by effort. Fig. 2 a was taken with the patient at rest. There 
is slight depression of the S-T segments in Leads 1 and 11. The car- 
diac rate is 108 per minute. The next tracing was taken immediately 
after giving the glucose (Fig. 2b). Only 20 c.c. of the solution were 
given because the needle slipped out of the vein. Note the greater de- 
pression of the S-T segment in Lead II, and the appearance of slight 
displacement in Lead III. At this time the patient complained of slight 
substernal pain. The rate was 110 per minute. 
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The electrocardiograms in Fig. 3 are those of a 32-year-old woman 
v i i a 4-year history of known rheumatic mitral stenosis. She -ikn 
P amed of frequent attacks of precordial pain. The four leads with" 
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the patient at rest are reproduced in Fig. 3 a. They reveal no abnor- 
mality other than a slight diminution of voltage below the normal limits. 
The cardiac rate at this time was 60 per minute. Hypertonic glucose 
(50 c.e. of a 50 per cent solution) was then injected intravenously, and 
electrocardiographic tracings were taken immediately thereafter (Pig. 
3b). It will be noted that the high, positive T waves in Leads I and II 
have disappeared. T x is now invisible, and in Lead II there is even slight 
negativity of the T wave. Slight depression of the S-T segment in Lead 
II is also present. The high, positive T wave in the chest lead (left 
arm wire to precordial electrode) is changed to a bifid T with a deep, 
inverted peak. Slight increase in rate, namely, to 75 per minute, and 
slight sub sternal discomfort were present. The next tracings were 
taken 5 minutes after the injection (Pig. 3c), and the changes are prac- 
tically the same as in Fig. 3b, although not quite so marked. It will 
be noted that the rate in Pig. 3c is the same as in Pig. 3o, and yet 
pronounced changes are present. 
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Fig. 2. — This patient also had effort angina., a , Before glucose injection ; b, immedi- 
ately after the injection of hypertonic glucose solution. 


II. THE EFFECT ON TIIE AFTER-EXERCISE ELECTROCARDIOGRAM OF 
INJECTING HYPERTONIC GLUCOSE SOLUTION 

It was pointed out by one of us, in a series of investigations, 2 ’ 2 that 
registration of the electrocardiogram after exercise can render consider- 
able help in the diagnosis of coronary artery disease. In patients who 
complain of angina on effort there is usually stenosis of a coronary 
artery, either because of sclerosis of the vessel or syphilitic narrowing 
of its ostium. When these patients are at rest the blood supply to the 
heart can be sufficient despite the stenosis, pain is absent, and the elec- 
trocardiogram may be normal. After exercise, which is graded accord- 
ing to the condition of the patient and never exeedes the amount that 
the patient engages in many times during the course of the day of Ins 
own accord, the blood supply to the heart becomes insufficient, and the 



SCHERF AND WEISSBEUG : HYPERTONIC GLUCOSE SOLUTION 


415 


electrocardiogram presents marked changes. Pain can, but need not, 
appear. If the same patient exercises immediately after taking nitro- 
glycerine, these electrocardiographic changes do not present them- 
selves. Other vasodilators, injected intravenously, can also prevent 
these electrocardiographic changes or diminish the degree of the changes. 

One -would expect that The after-exercise electrocardiogram, taken 
immediately after the injection of hypertonic glucose solution in pa- 
tients with coronary stenosis, would show less change if glucose has 
a definitely dilating effect on the corona tv arteries. 



> 
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lh IS investigation was carried out in seventeen case- 
ad angina, of effort and either coronary or sy 

attacks were typical, and nitrites worked prompt'h 


patients 

aortitis. 

Under 
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constant conditions, an exercise test was carried out first in all eases. 
The electrocardiogram was recorded before the exercise and immedi- 
ately after, as well as 2, 5 and, oftentimes, 10 minutes afterward. Sev- 
eral repetitions showed that the exercise reaction was always the same. 
Forty cubic eentimctex-s of a 40 per cent glucose solution were then given 
j intravenously, and, 5 minutes later, after the same amouih'orworCelec- 
[trocardiograms were taken in the same fashion. 



Fig. 4.B — Same patient as 1A. Electrocardiogram 5 minutes after injection of 
glucose with the patient at rest (top row), and after exercise (lower 3 rows). 


✓ In twelve of the seventeen cases, the electrocardiogram showed 
pathologic alterations after exercise, namely, depression of the S-T 
segments and abnormal T waves. Tn two cases the results were ques- 
tionable. and in three cases the electrocardiograms after effort showed 
only the familiar physiologic changes. vtAfter the injection ol glucose,; 
the alterations in the electrocardiogram after exercise were unques- 

- j 

tionably accentuated, and the y occurred Jn_all_cases. In seven cases 
the reaction to exercise after the injection was worse than before. 
Never was the reaction less pronounced. These results are illustrated 
in Figs. 4 and 5. 
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Fig. 4 is from a 34-year-old patient with insufficiency of the aortic 
valve, the etiology of which could not be established with certainty ; 
it was probably syphilitic. The patient suffered severe anginal at- 
tacks which were promptly relieved by nitroglycerine. The after- 
exercise electrocardiogram, which was recorded- many times, became 
immediately positive, and showed the same changes that occurred in 
spontaneous attacks while at rest during a hypertensive crisis. 

In Fig. 4 a we see the three limb leads and chest leads (left leg wire 
to the area of absolute heart dullness to the left of the sternum) next 
to each other. The uppermost row of curves shows the resting electro- 
cardiogram, in which the only item of note is the low T wave in Lead I. 
No significant changes are present. Two minutes after the exercise test 
(second row), there appears a definite depression of the S-T segment in 
Lead I, the T waves in Leads II and III are deeply negative, and in 
the chest lead the slightly negative T after the elevated S-T segment is 
changed'to a positive T. After 5 minutes (third series), the changes 
are less marked. After 10 minutes (lowest series), the original pattern 
has returned. The time necessary for the changes to disappear varied 
from patient to patient ; in some cases it was from 20 to 40 minutes. 



iJtim if tT “‘f r ,tS ° £ “ exercise tcst 5 mim ’ tcs after the in- 

SaSs™ « ^ C<illt e ' h ‘ C0Se soll,tio "- Tlle ‘'“ting electro- 

cardiogram has the same appearance as that in Fig. 4a. The same 
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changes appear after the exercise as in the previous experiment, and the 
time necessary for them to disappear is also the same. Upon repeating 
the experiment several days later, the results were identical. 

Pig. 5 is from a 63-year-old patient -with coronary sclerosis and angina 
of effort- The T wave is absent in Lead I and is hardly visible in Lead 
II. Immediately after the exercise test, high, normal T waves appeared 
(not illustrated). This is a normal exercise reaction and depends upon 
increased sympathetic tonus. After 2 minutes (second series), a definite 
depression of the S~T segment appeared. However, this does not exceed 
normal limits, and the T waves are more nearly normal than they were 
before the exercise. Five minutes after the exercise test we see in the 
lowest series a definite depression of the S-T segments, this time in all 
leads and unquestionably of abnormal degree. 

On the next day, 2 minutes after exercise, and 5 minutes after the 
injection of hypertonic glucose solution (Fig. 5b), the depression of the 
S-T segment was more marked than in Fig. 5 o, and the height of the 
T wave was less. Five minutes after exercise (lowest series), an even 
more marked change than in Fig. 5 a appeared. The pain reaction after 
exercise was greater than on the previous day, when glucose had not 
been injected. 

DISCUSSION 

Several theories have been advanced to explain the beneficial effects 
of glucose upon the heart. The following, especially, require con- 
sideration : 

1. There is improvement of the nutrition of the heart by direct 
action of the glucose on the muscle fibers. 

2. Dilatation of the coronary arteries is brought about by direct 
alteration of the physical properties of the cells. 

3. An increase of the coronary blood flow is produced by other 
indirect mechanisms. ^ 

1. — It has long been assumed that one of the reasons for failure 
of the heart was that its nutritive supply, especially its store of carbo- 
hydrate, was diminished. In animal experiments it has been shown 
that glucose is necessary for cardiac efficiency. 4 Although adequate 
proof was lacking, it was easy to infer that the failing heart might he 
deprived of, or could not utilize, combustible carbohydrate. 

It has been frequently recommended that carbohydrate.be given 
mouth in the treatment of patients with heart disease, ’' n in order to 
improve the nutrition of the heart. For the past twenty years glucose 
has also been used intravenously with many favorable results. It has 
been recommended in amounts varying from 20 to 200 e.c. and m 
coneenti’ations ranging from 20 to 50 per cent. 10, 11 

However, despite the many reports favoring the use of glucose to 
improve cardiac nutrition, it has certainly not been proved that ghi- 



SCHEUF AND WE1SSBEKU : 


HYPERTONIC GLUCOSE SOLUTION 


410 


cose actually accomplishes this. The improved efficiency noted in 
the heart-lung' preparation of Bavliss and co-workers' does not neces- 
sarily mean that the human heart will respond in the same way, since 
one cannot apply too fully results obtained on the heart of the ex- 
perimental animal under unnatural conditions to the heart of the 
human subject. The problem of the effect of hypertonic glucose on 
the heart seems to be more intimately related to coronary blood flow. 

2. — A widely accepted theory of the action of hypertonic glucose 
assumes a direct effect upon the vessel wall. The physical properties 
of the muscle cells in the walls of the coronary arteries are supposed 
to be altered by virtue of osmotic and colloidoelastic effects. 1 -’- 1,1 The 
colloidoclastic effect is presumed to cause a temporary change in the 
quality of the blood and tissue colloids. In this way, or through 
osmotic effects, a dilatation of the coronary arteries should take place. 

In animal experiments, using the Morawitz cannula, Salomon 1,1 em- 
ployed a 20 per cent glucose solution and reported a direct dilating 
effect upon the coronary arteries. He observed this phenomenon in 
thirty-seven out of forty-four animals. For clinical use he advocated 
more concentrated solutions. 

3. — Ginsberg, Stoland, and Loy u found that in the intact, animal 
(dog) 10 c.c. of a 50 per cent dextrose solution increased the coro- 
nary circulation from 10 to 100 per cent, or more, and that 1 lie in- 
creased rate of flow was maintained for 40 minutes, or more. The 
increase occurred in the absence of tachycardia and without a rise in 
blood pressure, and it was independent of neurogenic mechanisms. 
Hypertonic saline solution did not. produce as marked an increase of 
flow as hypertonic glucose solution. The height of the blood sugar 
was unrelated to the amount of coronary blood flow. In six heart -lung 
preparations these authors failed to observe vasodilatation and hence 
concluded that glucose does not have a direct effect upon the vessel 
wall. Hydremia was probably the most important factor in increasing 
the coronary blood flow, despile the tact that the specific gravity and 
viscosity of the blood quickly returned to normal, while the aug- 
mented flow through the coronary vessels continued. 


Frey and Hess 1 -’ performed a series of experiments similar to those of 
Ginsbeig, et ah, but they used the '‘thermoxtromuhr” to measure the 
coronary blood flow. They employed 10 o.c. of a 50 per cent, glucose 
solution and noted that, in some animals, they obtained a rapid, 
marked dilatation of the coronary vessels Yin other animals, however, 
thej’- observed only a slight dilatation, while in still other instances, a 
diminution of blood flow occurred. In 61 per cent of the cases an 
augmentation of blood flow occurred, whereas in 26 per cent of the 
cases an actual diminution of flow was observed. The blood pressure 
remained unchanged after the introduction of the glucose. These 
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authors discuss the possibility that glucose acts on the adrenalin- 
insulin mechanism and, in this wav, produces alterations of tlie flow 
of blood through the coronary arteries. 

It has long been known that hypertonic glucose solution exerts a 
marked osmotic effect when introduced into the blood stream . 10 * 10 In 
the presence of normally functioning coronary vessels, the plethora 
produced by the injection of hypertonic glucose solution may con- 
tribute to the increased blood flow. Changes in blood pressure and 
cardiac rate cannot play a role, since, as has been pointed out bv sev- 
eral authors, the pressure and rate are unaffected by the injection of 
hypertonic glucose solution. It is important to correlate these facts, 
as will be pointed out later. 

Little need be said regarding the possible dilating effect of glucose 
upon the smaller coronary vessels. It has been suggested that glucose 
can dilate coronary vessels, like some known vasodilators, by vagal 
inhibition or sympathetic stimulation. The action of glucose, how- 
ever, is entirely independent of nerve supply . 14 

Prom an extensive review of the literature, Martin 20 concludes that 
hypertonic glucose solution, given intravenously, improves the coro- 
nary blood flow and increases the venous return and cardiac output. 

Judging from the foregoing remarks, there would seem to be a defi- 
nite rationale for the use of hypertonic glucose solution in the treat- 
ment of those forms of heart disease associated with diminution in 
coronary blood flow. Many observers have reported that favorable 
results in the treatment of angina pectoris and congestive heart fail- 
ure were obtained by using hypertonic glucose solution in varying 
amounts and concentrations . 21 * 20 Some authors advised the use of 
insulin with the hypertonic glucose solution . 11 Critical appraisal, 
however, of the literature does not warrant too optimistic an opinion 
with regard to the belief that hypertonic glucose solution is beneficial 
in coronary artery disease. Scattered through many reports one finds 
evidence that precordial pain occasionally developed during treat- 
ment, 24 * 2G and the objective results often do not warrant the conclu- 
sions drawn. 

There is a question whether or not T-wave alterations always indi- 
cate myocardial damage . 27 A positive T wave may actually be in- 
creased in height in the presence of a definite myocardial lesion, and 
it has not been proved that in every instance an inverted T wave 
means myocardial injury. Of much greater importance, however, is 
the association of cardiac pain with inversion of the T waves aftei 
the glucose injection. This must invariably mean myocardial impair- 
ment, since seven patients developed precordial pain. Hence, glucose 
in hypertonic concentration is harmful and alters Ihe ratio of blood 
supply to the oxygen demand of the myocardium. Ibis statement is 
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also borne out by the fact that seven of seventeen patients with effort 
angina developed more intense pain after exercise when hypertonic 
glucose solution had been given previously. 

In practically all of our cases in which there was reason to believe 
that the coronary arteries were sclerosed, definitely abnormal changes 
appeared in the electrocardiogram, but, as previously reported , 1 in the 
cases of rheumatic valvular lesions, and in patients with hypertension 
whose coronary arteries were probably intact and patent, no electro- 
cardiographic changes were noted. 

In one case of mitral stenosis in which there was preconlial pain, 
marked changes in the T wave were observed (Pig. lib) after the injec- 
tion of hypertonic glucose solution. During an attack of anginal pain, 
patients with mitral stenosis frequently have abnormal electrocardio- 
grams . 3 There is reason to believe that, since cardiac hypertrophy 
exists, and the stroke volume is small, myocardial ischemia results when 
the work of the heart is increased without a proportionate augmentation 
of the coronary blood flow. Patients with severe rheumatic involvement 
of the aortic valve may, however, show no changes. In one case of rheu- 
matic stenosis of the aortic valve no alteration of the electrocardiogram 
occurred after the injection of hypertonic glucose solution, and yet this 
patient had severe effort angina. At autopsy, stenosis of the aortic 
valve was found, but the coronary vessels were entirely free of sclerosis, 
i'' It is apparently true that glucose dilates the coronary vessels in 
experimental animals, although contraclietory findings have been re- 
ported , 15 but an increased blood flow to an organ does not necessarily 
indicate increased oxygenation. An increased velocity of blood flow 
may diminish the utilization of oxygen, for, because of the rapid transit 
of blood through the smaller vessels, oxygen cannot be removed quickly 
enough by the tissues. When total blood flow is increased, the capillary 
flow is often not comparably augmented because of short circuiting. 
Frequently, in cases of arteriosclerosis obliterans of the lower extremi- 
ties, if the venous channels are tapped the blood will be found to be 
well oxygenated, indicating failure of oxygen utilization. Moreover, 
sclerotic vessels may fail to show the same dilatation as the healthy I 
vessels of the experimental animal. Under such conditions anoxia re-j 
suits, since the blood volume is increased, the stroke volume is greater 
after the intravenous injection of glucose, and the oxygen requirement) 
becomes greater without a comparable increase in coronary blood flow) 
It was found .- 8 that after the intra-arterial injection of hypertonic ' 
salt solution there was a diminished oxygen utilization in the tissues. 
This phenomenon was believed to be caused by a change in the vessel 
wall between tissue and blood which prevented the oxygen from being 
given up. This explanation may be applicable to the action of hypei° 
tonic glucose solution on the coronary circulation, for, despite increased 
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blood flow brought about by intravenously injected hypertonic solutions, 
the oxygen supply to the tissue may actually be diminished because of 
failure of utilization. 

Although an increased cardiac rate was observed in some of our 
patients, this could not play a role in the production of pain after 
the injection of glucose, since we have observed the same electro- 
cardiographic changes without any change in rate whatsoever. "We 
are inclined to believe that any increase in cardiac rate was the result, 
rather than the cause, of the pain. 

One of the possible explanations for the cardiac pain which deserves 
consideration is that the glucose may have stimulated the secretion of 
insulin. Insulin has been shown to produce changes in the T wave 29 
and may even precipitate cardiac pain. Glucose is one of the best 
agents for stimulating the production of insulin and has been called 
the insulin hormone. 30 " Curves have been plotted to show that hyper- 
tonic glucose solution stimulates the production of insulin . 31 This 
being the case, it would seem possible that the cardiac pain which the 
patients developed after the injection of hypertonic glucose solution 
was an insulin effect. 

There are certain observations which indicate that insulin has no direct action 
on the coronary vessels. In the first place, there is no parallelism between the height 
of the blood sugar and any electrocardiographic alterations. Marked electrocardi- 
ographic changes have been observed before hypoglycemic levels were reached. In 
the second place, there are many observations which prove that the hvperadrcnal- 
inemia accompanying the fall of blood sugar produces the changes. Even if insulin 
has a direct action on the coronary vessels it is probably secreted in too small an 
amount to cause spasm. 

Investigations are now under way to determine whether hypertonic 
saline and hypertonic sucrose solutions can produce the same changes as 
hypertonic glucose solution. It is necessary to ascertain whether the re- 
sults with glucose are specific, i.e., whether the results depend upon Ihe 
concentration or the nature of the injected substance. 

In conclusion, we wish to point out that the beneficial effects of in- 
travenously injected hypertonic glucose solution upon the heart are 
very questionable. That it has a marked osmotic effect in pulmonary 
edema, cerebral edema, and in cases of increased intraspinal pressure 
cannot be denied, but it is questionable whether or not. hypertonic glu- 
cose solution has any place in the treatment of coronary artery disease. 
It. has been shown to cause severe angina and, therefore, may bo del- 
eterious. It should be used cautiously in patients with coronary sclero- 
sis, and if it is to be used at all (pulmonary edema), we recommend 
that it. be used in conjunction with vasodilators, such as nitroglycerine. 


This has also been denied . 55 
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SUMMARY 

Iii two series of cases we studied the effect on the heart of the intra- 
venous injection of hypertonic glucose solution. In Group I it was 
observed that in patients with effort angina and coronary arterio- 
sclerosis the injection of hypertonic glucose solution produced marked 
electrocardiographic changes and frequently caused pain. In Group II 
it was observed that patients with effort angina, and pathologic altera- 
tions of the electrocardiogram after exercise developed the same, and 
even more marked, alterations of the electrocardiogram when hypertonic 
glucose solution was given shortly before the performance of the exer- 
cise test. 

The various theories concerning the effect of hypertonic glucose solu- 
tion on the blood and coronary arteries were discussed, and the possible 
causes for the production of cardiac pain after the injection of hyper- 
tonic glucose solution were reviewed. 

Since tlie submission of this paper for publication there has appeared, in the 
May, 1939, issue of this Journal, an article by L. B. Ellis and J. M. Faulkner on 
the circulatory effects of 50 per cent dextrose and sucrose solutions on patients with 
heart disease. The authors cautioned that the increase of plasma volume which at- 
tends the injection throws an extra load on the circulation similar to that caused by 
the injection of large amounts of fluid in patients whose circulatory balance is -al- 
ready precarious. •> 

We wish to express appreciation to Miss Mover and Miss Pringle for technical 
assistance. 
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DEPROTEINATED PANCREATIC EXTRACT (DEPROPANEX) 

I. Effect in the Treatment of Intermittent Claudication Due 
to Arteriosclerosis Obliterans 

Martin M. Fisher, M.D., A. Wilbur Duryee, M.D., and 
Irving S. Wright, M.D. 

New York, N. Y. 

I NTEREST in the therapeutic use of various tissue extracts was 
stimulated by the work of Frey and Kraut (1926), who prepared 
and studied a pancreatic extract, kallekrein (later called padutin). It 
was reported to inhibit the crural pain causing intermittent claudi- 
cation. Wolffe, Findlay, and Dessen (1931) 2,3 described extracts of 
pancreatic tissue which gave therapeutically similar results. Schwarz- 
mann (1930) 4 reported improvement following the use of skeletal- 
muscle extract in three patients with intermittent claudication. Nuzum 
and Elliot (1931) 3 were unable to demonstrate vasodilatation in ani- 
mals after intramuscular or subcutaneous injection of kallekrein. 
Barker, Brown, and Roth (1935)° found intermittent claudication pres- 
ent in 90 per cent of their patients with peripheral arterial disease. 
They noted a definite lessening of this symptom following the use of a 
pancreatic tissue extract. One of the present authors 7 reported similar 
results from our clinic in 1935. The substances used in the above studies 
produced pain and sometimes redness and swelling at the site of injec- 
tion. Mild systemic reactions, including slight chilliness and fever, occa- 
sionally occurred. 


DEPROTEINATED PANCREATIC EXTRACT (DEPROPANEX) 


Following suggestions made by members of this clinic, and others, the Sharp and 
Uolime Laboratories undertook to refine and fractionate extract #508. Deprotcin- 
ated pancreatic extract represents one of these fractions. 

It is a colorless, saline solution of a chemically purified, protein-free, nitrogenous 
fraction, derived from an acid-alcoliol extract of beef pancreas. Physiologic tests 
show that it is free from insulin, histamine, and acetylcholine. It contains approxi- 
mately 2.5 per cent of solids, including 0.25 per cent of nonprotein nitrogen, 0.0 
per cent of sodium chloride, and 0.25 per cent of phenol as a preservative. It is 
adjusted to a pH of G.5 to G.8. 

It is assayed by comparing its effect with that of a standard preparation on the 
arterial blood pressure of anesthetized dogs. This standard preparation is of such 
potency that 1 c.c., in a large series of dogs, gives an average lowering of arterial 
blood pressure equivalent to the rise in arterial blood pressure produced by 0.01 mg. 


From the Vascular Clinic of the Department of Medicine, The New York Post- 
Graduate Medical School and Hospital, Columbia University. 

Aided by a grant from Sharp and Dohmc, Inc. 

Received for publication April 5, 1939. 
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of epinephrine in the same dogs. The standard is preserved by the Ivophile process, 
and stored in the dried state at 5° C. Each new lot of deproteinated pancreatic 
extract is standardized by comparing its depressor effect with that of a solution or 
the standard preparation on the normal and atropinized dog. The physiologic action 
of each lot is also studied by means of the heart-blocking effect, in mice. Two cubic 
centimeters of depropanex are injected into white, female mice, and an electro- 
cardiograph is used to ascertain whether heart block occurs. The material is in- 
jected intraperitoneally and should not cause death from heart block in any of at 
least three mice within fifteen minutes. Its depressor action in urcthanized rabbits 
is also noted. 

INTERMITTENT CLAUDICATION 

The term intermittent claudication, as used in this report, may he 
defined as limping due to a pain or eramplike sensation, or as a sense 
of extreme fatigue most commonly localized in the calf, thigh, or foot 
muscles, induced by a limited amount of walking or other leg effort. 
This may he so severe as to prevent continued action of the group of 
muscles involved. A similar phenomenon may occur in other muscle 
groups under unusual conditions. Muscle spasm or muscle failure 
severe enough to cause the subject to fall may occur if exercise is 
continued. The pain or disagreeable sensation is usually relieved 
within a few minutes by cessation of muscular effort, frequently with- 
out change in position. The symptoms are not considered typical if 
they occur during rest. The amount of muscular effort necessary to 
produce this syndrome is fairly constant in most individuals during 
any one phase of the disease which causes it. Weather, environmental 
temperature conditions, and complicating illnesses may bring about 
some fluctuation in this regard. For more than five years we have 
been studying the effects of various pancreatic and heart-tissue ex- 
tracts on this syndrome, and during the past year we have used de- 
proteinated pancreatic extract in these studies. 

METHOD 

A. Jppnrn/us . — In order to evaluate the effects: of these extracts, we have found 
it essential to use a method of measuring the amount of work per unit of time 
necessary to produce this syndrome. Certain previous workers' 5 depended on meas- 
uring timed walking. Landis, et al., s used an ergometer, the muscle contractions being 
rhythmically induced by a faradic current applied to the leg. Berry,* at our clinic, 
devised a vertical stand fitted with a foot pedal which, when depressed, raises a 
weight of 13. G pounds (Fig. 1). The patient stands upright on this apparatus in the 
same position in which he normally walks, with the foot of the extremity to be tested 
on the pedal. The other foot is placed on an adjoining platform. He grasps the 
upper bar with his hands to maintain his balance. The entire foot is kept on the 
pedal, and as the anterior portion of the foot is depressed to lift the weight the 
muscles of the leg used in walking are brought into play. The patient is paced at 
120 steps per minute with a stop watch or metronome, and he is not allowed to stop 
until the pain, cramp, or fatigue in the calf or thigh becomes so severe that he is 
unable to continue. 

•Dr. Maxwell Berry, now Fellow. Mayo Clinic, Rochester, Minn. 
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This method of measuring claudication time quite satisfactorily maintains, as a 
constant, the "work done per minute by the muscles being tested. Care must be 
exercised that other sets of muscles are not thrown into action when the fatigue 
syndrome begins. This can be practically prevented by having the patient maintain 
an unchanged position on the apparatus. The room temperature should be kept 
constant. In our experiments, a temperature of 20° ± 1° C. was used. This test 
is convenient in that it takes a relatively short time to produce the syndrome. 

B. Procedure . — The patient rested by sitting for one-lmlf hour after reporting to 
the examiner. The first control test was performed, and, following another rest of 
one-half hour’s duration, a second control test was made. The times for these two 
tests were in most instances very nearly identical. Three cubic centimeters of the 
extract to be tested were injected intramuscularly after the second test. One-lialf 
hour later a third test was made. 



bsmg the above technique, the effect of deproteinated pancreatic extract wa= 
errmned in twenty-seven patients with definite arteriosclerotic disease of the 
S ° f <hc lo ' Y(Vr extremities. Each patient was earefullv studied l.v means of 
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oscillometric readings, roentgenograms, arteriograms, and other procedures, as indi- 
cated. They were all ambulatory. None had gangrenous lesions. After the original 
tests, the treatment^ consisted of 3 c.c. of the deproteinated pancreatic extract intra- 
muscularly triweekly. The tests were rechecked frequently. Patients have now been 
followed as long as nine months. During the course of treatment each patient re- 
ceived, on one or more occasions, without his or her knowledge, 3 c.c. of physiologic 
salt solution as a control. An identical test was performed one-half hour after the 
saline was given. As stated above, deproteinated pancreatic extract is colorless, and, 
when injected intramuscularly, it causes no more pain than saline. 

The ages of the patients varied from 50 to SO years, the average being 02 years. 
There were twenty-four males and three females. All were white. Ten were Hebrew. 
Thirteen had received no previous treatment for their vascular disease. Fourteen 
had received previous treatment, such as other tissue extracts, suction-pressure, or 
intermittent venous occlusion. Such treatment was discontinued before the original 
tests with the pancreatic extract now being studied were made. All of the patients 
were advised not to use tobacco, and were instructed to take warm foot baths 
nightly, wear warm socks and proper shoes, and take proper care of the nails and 
corns. 

RESULTS 

The tables (Nos. I, II, and III) show the results obtained. Table 1 
lists eight patients with untreated, uncomplicated, arteriosclerotic vascu- 
lar disease. Six showed improvement, and two, no improvement, with 
the initial tests. All of those receiving ten or more treatments were 
benefited. 

Table II lists five patients, untreated, but with complicating diabetes, 
heart disease, varicose veins, or other abnormalities which might have 
had a relationship to this condition Four showed improvement, and 
one, no improvement, with the initial tests. The four were improved 
after ten or more treatments. The one patient who was not benefited 
by the initial dose was not treated. 

Table II lists fourteen patients who had been treated previously by 
other means, and includes patients both with and without complicat- 
ing diseases. Thirteen of these showed improvement after the initial 
test. In one instance (14) the benefit was so slight as to be inconse- 
quential. Ten individuals received ten or more treatments, and all of 
these showed improvement. 

The saline which was used as a control produced results of no 
significance in these series. 

Table IV summarizes the first three tables. The initial claudication 
time varied from an average of V 26" to 1' 43" in these groups, with 
extremes of 35" and 2' 30". All tests were discontinued if claudica- 
tion had not developed within 5 minutes. The actual averages are, 
therefore, greater than the averages given whenever so indicated in 
this table. One-half hour after the initial 3 c.c. of deproteinated pan- 
creatic extract, the average claudication time for all patients was 
greater than 3' 1", an increase of about 100 per cent. This gain was 
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temporary with the first few injections. Nineteen who received ten 
or more treatments showed an average claudication time of more than 
4' 19", an increase of nearly 300 per cent. The average control claudi- 
cation time for twenty-four patients tested with normal saline was 
over 2' 15" (these patients had had some previous treatment), and 
after saline it was more than 2' 18". There was, therefore, no sig- 
nificant change. 

Tabi.f. I 


Effect of 3 c.c. of Deproteinated Pancreatic Extract ox the Claudication 
Time in 8 Previously Untreated Patients With Uncomplicated 
Arteriosclerotic Vascular Disease 


IMMEDIATE RESPONSE 

SALINE CONTROLS* 

AFTER 10 

OR MORE 

TREATMENTS 

Case 

No. 

Average time 
[ before DPN 

One-half hr. 1 
after DPX 

Average time 
before saline 

One-half hr. 
after saline 

Average clau- 
1 dication time 


P 48" 

No claud. 1 
in 5 min. 

2' 30" 

2' 30" 



44" 

1' 33" 

V 19" 

56" 

1' 39" 

H 

2' 37" 

V 44" 

1 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

24 

V 

1' 

43" 

52" 

No claud. 
in 5 min. 

31 

V 30" 

3' 4" 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

37 

1' 50" 

4' 32" 

2' 15" 

51" 


30 

I' 11" 

No claud. 
in 5 min. 

4' 40" 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

43 

59" 

V 30" 

i 




•Most of these tests were made after a week or more of treatment. 


Table II 


Effect of 3 c.c. of Deprotf.ixated Pancreatic Extract ox the Claudication 
Time in 5 Previously Untreated Patients With Arteriosclerotic 
Vascular Disease and Other Complicating Conditions 



IMMEDIATE RESPONSE 

SALINE CONTROLS* 

AFTER 10 

OR MORE 
TREATMENTS 

Case 

Average time 

i One-half hr. ! 

Average time 

One-half hr. 

Average clau- 
dication time 

No. 

before DPX 

after DPX 

before saline 

after saline 


V 55" 

3' 14" 

1' 10" 

1' 47" 

No claud. 
in 5 min. 

4 

1' 34" 

No claud. 
in 5 min. 

1' 43" 

O' 3 0 » 

No claud. 
in 5 min. 

20 

1* 20" 

1' 14" 

1' 

47" 

V 37" 

34 

35 

1' 23" 

O' oo" 

i 

3' 30" 

No claud. 
in 5 min. 

2' 37" 

O' 07" 

- Of 

!! 

4' 50" 


Atost of these tests were made after a week or more of treatment. 




















430 


THE AMERICAN HEART JOURNAL 


A record was kept of how far the patients had to walk to produce 
this syndrome before and during treatment (New York City blocks). 
The average number of blocks for the entire group before treatment 
was about two. The average after ten or more treatments was about 
eight, an increase of 400 per cent (compare with’the 300 per cent im- 
provement as measured by the apparatus) . 

An attempt was made to correlate the claudication time with the 
oscillometric readings. As one would expect, it was generally true 
that the lower the oscillometric readings, the shorter the claudication 
time and the slower the response to therapy. 

Table III 

Effect of 3 c.c. of Deproteixated Pancreatic Extract ox the Claudication' 
Time ix 14 Patients With Arteriosclerotic Vascular Disease, All of Whom 
Had Been Treated Previously by Other Means. Some of the Patients Had 
Complicating Diseases, and Some Had Not. 


IMMEDIATE RESPONSE 

SALINE i 

CONTROLS* 

AFTER 10 
OR MORE 
TREATMENTS 

Case 

No. 

Average time 
before DPX 

One-half hr. 
after DPX 

Average time 
before saline 

One-half hr. 
after saline 

Average clau- 
dication time 

3 

94" 

2' 11" 

1' 50" 

t 

1' 14" 

No claud. 
in 5 min. 

7 

35" 

V 14" 

1' 9" 

V 40" 

1' 29" 

9 

V 5" 

1' 42" 

V 10" 

2' 11" 

3' 54" 

13 

1' 29" 

| No claud. 
in 5 min. 

2’ 15" 

2' 

4' 47" 

14 

44" 

47" 

1' 2" 

1' 17" 

No claud. 
in 5 min. 

18 

; 2' 5" 

1’ 10" 

2' 49" 

2 f 39" 

3' 55" 

19 

2 f 13" 

No claud. 
in 5 min. 

2' 30" 

2' 35" 

No claud. 
in 5 min. 

20. 

1' 40" 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

No claud. 
in 5 min. 

22 

3' 0" 

No claud. 
in 5 min. 

1' 12" 

V 45" 

No eland, 
in 5 min. 

25 

1' 29" 

2' 29" 

2’ 30" 

2’ 40" 

No claud. 
in 5 min. 

2S 

2' 30" 

No claud. 
in 5 min. 

2' 30" 

2' 30" 


33 

i 51 " 

1' 35" 

49" 

50" 


30 

59" 

2' 5S" 

V 15" 

V S" 


42 

r 2" 

V 33" 





•Most of these tests were made after a week or more of treatment 
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DISCUSSION 

In reviewing' Table IV it should be noted that the previously treated 
group had already been on a control period of routine therapy, in- 
cluding warm baths, abstinence from tobacco, etc., plus a variety of 
other measures. This group showed, nevertheless, about the same re- 
sponse after treatment with deproteinated pancreatic extract as the 
previously untreated groups. 


Table IV 


Summary of the Results in 27 Patients of Treating Intermittent Claudica- 
tion Secondary to Arteriosclerotic Peripheral Vascular Disease 
With Deproteinated Pancreatic Extract 


Claudication Time Averages t 



IMMEDIATE RESPONSE j 

SALINE CONTROLS* 


TYPE and no. 

OF CASES 

BEFORE 

ONE-HALF 
hr. after 

BEFORE 

ONE-HALF 

IIR. AFTER 

AFTER 10 OR 
MORE TREATMENTS 

8 

Untreated 

Uncomplicated 

V 20" 

O' 

3' 4"f 

2' 52 "t 

4' 28" t 

5 cases 

3 cases had less 
than 10 treat. 

5 

Untreated 

complicated 

V 43" 

3' 55" t 

1' 39" 

V 55" 

4' 9"t 

4 cases 

1 case had less 
than 10 treat. 

14 

Previously 
treated with 
other therapy 
Complicated 
Uncomplicated 

P 32" 

2' 54" t 

2' t 

2' fi"t 

4' 24" t 

10 cases 

4 cases had less 
than 10 treat. 

TOTALS (27) 

27 

1' 34" 

27 

3' 1 "t 

24 

2' 15"! 

24 

2' is"t : 

19 

4' 19 "t 

19 cases 

S cases had less 
than 10 treat. 

Extremes 

3a" 

to 

2' 30" 

47" 

to 

5' plus (9) 

49" 

to 

a' plus (3) 

47" 

to 

5' plus (4) 

1' 99 " 
to 

5' plus ( 12 ) 


n«,i T ti Cse » averases in . cIude cases in which there was no claudication in 5 
greater Cf ° re arC mmmmm h^ires. Tiie true averages would in every 


minutes, 
case be 


Three cubic centimeters of deproteinated pancreatic extract, given 
intramuscularly oil alternate days, appears to be the most satisfactory 
dose. Larger doses did not. in our experience, seem to produce more 
beneficial results nor a more prolonged action. Further studies on 
dosage might he worth while. No untoward reactions have been noted 
in giving more than 1,000 injections of this substance. It has been 
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given intravenously to twenty of our patients without severe svsteinic 
reactions. We do not advocate its intravenous use at this time, but 
mention this observation only to emphasize the lack of toxicity. Be- 
cause of the high protein content of previously used pancreatic ex- 
tracts, intravenous injections have been definitely associated with risk. 
The fact that protein is practically absent from this preparation elimi- 
nates this danger. Further studies concerning this mode of adminis- 
tration will be reported in the near future. 

The mechanism of the action of pancreatic tissue extracts has never 
been satisfactorily explained, although a hormonal or replacement 
action similar to that of insulin is the most popular theory today. 
Assay methods on animals, in which its antagonistic action to adren- 
alin has been demonstrated, indicate a vasodilatation factor. This 
effect has not been noted in man. We are at present engaged in studies 
which may clarify this problem. 

The ergometer demonstrated improvement in certain instances in 
which the patient stated that he had not been benefited. Of 100 pa- 
tients followed for a period of four to six months while under treat- 
ment with deproteinated pancreatic extract, seventy-four reported 
definite clinical improvement. Many of these were not checked with 
the ergometer. The other twenty-six failed to show sufficient improve- 
ment to warrant continued use of the extract. Spontaneous improve- 
ment and regression are common in this condition. It is only by study- 
ing a group of patients over a long period of time, and by using a 
standard method of testing, that conclusions may be drawn as to the 
value of anything which may be used in the treatment of intermittent 
claudication due to peripheral arteriosclerosis. 

Further refinement and analysis of these extracts may produce frac- 
tions that are therapeutically more potent than this one. 

SUMMARY 

(1) We have described an apparatus to measure claudication time. 

(2) Following one injection of deproteinated pancreatic extract, 
twenty-three of a series of twenty-seven patients with arteriosclerosis 
obliterans showed an improvement (prolongation) of their claudica- 
tion time. This initial response was in most instances temporary. 

(3) Following ten or more injections of deproteinated pancreatic ex- 
tract, nineteen patients showed improvement in their claudication time. 

(4) After a series of ten or more treatments, the claudication time was, 
in this series, prolonged to an average of more than three times that 
of the control tests. (5) Physiologic saline failed to produce an in- 
crease in claudication time under identical conditions (6) Furthci 
studies will be necessary to determine the extent to which improve- 
ment. may be advanced, and the duration of the favorable effects alter 
cessation of the treatment. 
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ACTIVITIES ASSOCIATED WITH THE ONSET OF ACUTE 
CORONARY ARTERY OCCLUSION 

Arthur M. Master, M.D., Simon Dack, M.D., and Harry L. Jarre, Ml). 

New York, N. Y. 

INTRODUCTION 

TN SEVERAL previous reports, 1 ' 3 based up on an analysis of 800 at- 
A tacks of coronary artery occlusion, we presented data in support 
of the belief that acute coronary artery occlusion is not causally re- 
lated to physical effort or excitement. These reports also reviewed 
the literature on this subject. In this paper we offer further evidence, 
based on study of 1,440 attacks, that coronary artery occlusion occurs 
irrespective of physical activity. 

It is important to distinguish clearly between an attack of angina 
pectoris and one of coronary artery occlusion. The former is definitely 
related to exertion, meals, excitement, cold. Although coronary sclero- 
sis is the underlying pathologic condition in both angina pectoris and 
coronary occlusion, the former is a functional syndrome resulting from 
transient coronary insufficiency, whereas in coronary occlusion the 
myocardium is severely injured. In an attack of angina pectoris the 
patient is usually incapacitated for only a few minutes and is as well 
after the attack as before. When coronary artery occlusion occurs, 
however, the patient suffers severe, prolonged pain, may collapse, and 
develops signs of diminished cardiac output and heart failure. Jf the 
attack is survived, physical incapacity persists for weeks or months. 

We have also excluded cases of myocardial infarction due to coro- 
nary insufficiency. In this condition there is no acute occlusion of a 
coronary artery, but the coronary circulation is impaired, resulting in 
necrosis of the heart muscle. It occurs usually with aortic stenosis, 
surgical operations, tachycardia, acute hemorrhage, pulmonary embo- 
lism, and other conditions associated with shock. It is conceivable 
that, when severe coronary artery disease exists, strenuous effort will 
produce coronary insufficiency and myocardial infarction without 
actual coronary occlusion. However, this syndrome differs clinically 
and electroeardiographieally from typical coronary occlusion; the 
two should not be confused. In coronary insufficiency without occlu- 
sion the pain is likely to bo less severe and prolonged than in typical 
coronary occlusion, and in the electrocardiogram there is depression of 
the R-T segment instead of elevation. Coronary insufficiency is an 
entity in itself and has been described by many authors/’ " 

From the Cardioprapbic Laboratory and the Medical Services. The Mount Sinn! 
Hospital, New York. 

Received for publication May 11, 1030. 
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MATERIAL 

Our data have been derived from a study of 1,440 attacks of coro- 
nary artery occlusion observed in 1,077 patients. The latter were almost 
equally divided between patients seen in the wards of The Mount Sinai 
Hospital, New York, and those observed in a private consultation 
practice. We have not included compensation cases because a pa- 
tient seeking compensation is prone to exaggerate his story and to 
attribute the attack to some particular event. 

Our series includes persons in all walks of life and occupations: 
factory workers and unskilled and skilled laborers, such as tailors, 
pressers, peddlers, painters, and printers; store workers.; "white- 
collar” men and office workers; business and professional people, such 
as merchants, bankers, executives, physicians, teachers, lawyers, and 
engineers; and housewives (Table I). Of the employed (excluding 


Table I 

Occupations in 1040 Cases op Coronary Artery Occlusion 


OCCUPATION 

NUMBER 

PERCENTAGE 

Workers and laborers 

377 

36.2% 

Store workers 

55 

5.3% 

“White-collar” and office workers 

9° 

8.7% 

Business men 

114 

11.0% 

Professional men 

86 

8.3% 

Housewives 

221 

21.2% 

None, or retired 

96 

9-2% 


housewives and retired persons) 52 per cent were unskilled and skilled 
workers, 37 per cent were office workers, store workers, and business 
men, and the remaining 11 per cent were professional people. This oc- 
cupational distribution is practically identical with that in the general 
population of New York City (Table II). Coronary artery occlusion, 
therefore, is no respecter of poor or rich, laborer or sedentary worker. 


Table II 

Comparison op Distribution of Occupations Among Patients With Coronary^ Oc- 
clusion and in General Population 


OCCUPATIONS 

CORONARY 

OCCLUSION 

1 U. S. CENSUS 1 
N. Y. c., 1930 

JEWISH GAIN- 
FUL WORKERS 

All occupations 

722 

3,187,459 

799,258 

Workers and laborers 

377 (52%) 

1,766,458 (55%) 

410,343 (51%) 

Store proprietors (retail), 
“white-collar” and office 
workers, business men 
Professional workers 

266 (37%) 

1,169,713 (37%) 

| 

300,015 (38%) 

79 (11%) 

251.178 ( 8%) 

88,300 (11%) 


We have been able to record the circumstances at the onset of the 
symptoms of coronary artery occlusion in 930 cases (Tables III and 
IV). In addition, in 200 cases detailed histories were obtained con- 
cerning the patients’ activities the whole day before, and even several 
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Table III 


Activities at the Onset or Coronary Artery Occlusion 


ACTUAL ACTIVITY 



ASSOCIATED 

FACTORS 

============ 

ACTIVITY 

NO. 

IN- | 
CIDEXCE 

MEALS 

EXCITE- 

MENT 


INFEC- 

TION 

MISCEL- 

LANEOUS 

Sleep 

19S 

22.3% 

15 

o 


1 


Rest 

277 i 

31.1% i 

15 

17 

4G 

24 

3. dinlietie 
acidosis 

2, trauma 

1, typhoid 
injection 

Mild activity 

ISO 

-0.2% 

25 

15 

6 

5 

2, smoking 

2, insulin 

Moderate activitr 1 

76 

S.5% 

o 

o 

6 

o 

2 

injection 

Walking 

141 

15.S % 

10 

o 

O 

0 

0 


Unusual exertion 

IS 

2.0% 

1 

0 

0 

0 

1 


Undetermined 

Unknown 

40 

510 

* 1 

■ 

0 

J 

7 

0 

Total 

1440 





40 j 
(4.3%) 1 

10 

(1.3%) 


weeks before, their attacks. In these a special questionnaire was used 
(Table V). Incidentally, the frequency and character of premonitory 
symptoms were thus determined, and these will be subsequently re- 
ported. 

Table III shows that the attack occurred during sleep in approx- 
imately one-fourth of the cases, and during rest in almost one-third. 
Thus, 53.4 per cent of all the attacks occurred under conditions of 
rest and sleep, a percentage that corresponds to the fraction of the day 
spent in rest and sleep. Twenty per cent of the patients were engaged 
in mild activity at the time of the attack ; that is, they were dressing, 
standing, talking, sitting in the office, etc. Eight and one-half per cent 
were doing moderately heavy work, such as painting, baking, drivimr 
a car, and 2 per cent were engaged in some unusually severe ef- 
fort, i.c., swimming, skating, playing football, running, carrying a 
heavy load. We have grouped the patients who were walking, sepa- 
rately; walking preceded approximately 36 per cent of attacks. Thus. 
44.6 per cent of attacks were associated with some mild or moderate 
activity, or with walking, and only 2 per cent with severe exertion. 

In addition to the foregoing activities or inactivity, in 257 attacks 
an associated factor, such as eating, excitement, a surgical operation, 
infection, or one of several miscellaneous circumstances, was present. 
In 92 patients (9.9 per cent) the attack of coronary occlusion was as- 
sociated with eating, i.e., the closure occurred while the patient was 
eating, or within one or two hours thereafter. In 37 cases the attack 
followed a heavy meal, and, in the remainder, a light one. Included 
in this group are 35 patients who suffered the attack in sleep after a 
heavy meal, and ten who were stricken while walking directly niter 
a meal. A large number of attacks, although related to a meal, oc- 
curred during rest or ordinary mild activity. 
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Table IV 


Types op Activity at Onset op Coronary Artery Occlusion (030 Attacks) 


types op activity 

NUMBER 

percentage 

A. Primary Activities (890 attacks) : 

1. Sleep 

2. Rest — lying down or sitting up 

3. Ordinary mild activity 

02, in home (dressing, standing, walking about, 
playing with children, talking, retiring, 
etc.); 3a, in store or office; 14, sitting in 
car or train; 0, in doctor’s oflicc or clinic; 
S, doing light housework; 0, getting out of 
bed; a, taking showers or bath; a, getting 
out of bus or car; a, playing cards; 4, at- 
tending a meeting; 4, sitting in a movie: 
2, in restaurant; 21, miscellaneous. 

198 

277 

180 

22.3% 

31.1% 

20.2% 

t ■ 

4. Moderate activity (except walking) 

35, working as laborers (painter, engineer, car- 
penter, baker, tailor, presser, etc.) ; 10, driv- 
ing car; S, during bowel movement or 
straining at stool; 0, shopping; 2, cough- 
ing; 2, running upstairs; 2, during coitus. 

70 

8.5% 

a. Walking 

107, in street; 11, upstairs; 0, after meals; a, 
against cold wind; 4, uphill; 4, downstairs; 
2, in snowstorm; 2, carrying ten pounds. 

141 

15.8% 

0. Unusual or severe exertion 

9, during or immediately after sport or games 
(football, swimming, dancing, skating); a, 
lifting or moving a heavy load ; 3, running 
for train; 1, after long automobile ride. 

IS 

2.0% 

B. Associated Factors (930 attacks): 



1. Meals 

37, heavy meal; 33, ordinary meal; 22, light 
meal; 15, in sleep; 10, while walking. 

92 

9.9% 

2. Excitement 

13, gambling or playing cards; S, during argu- 
ment; 4, at movies; 3, news of deaths of 
relatives; 3, fright; 3, at wedding or ban- 
quet; 2, making speech; 2, during coitus; 
1, at funeral; 13, miscellaneous (emotional 
upset). 

52 

5.0% 

3. Surgical procedures 

20, laparotomy; 20, genitourinary operation; 7, 
eye, ear, nose or throat operation; 3, leg 
operation; 2, thyroidectomy; 1, thoracot- 
omy; 1, tooth extraction; 1, incision of 
furuncle; 1, paravertebral block; 1, bron- 
choscopy. 

03 

G.G% 

4. Infection 

14, upper respiratory infections; (i, grippe; 4, 
cholecystitis; 2, peritonitis; 3, pyelone- 
phritis; 4, pneumonia; 2, appendicitis; 2, 
sepsis; 3, abdominal suppuration. 

40 

‘1-3% 

5. Miscellaneous 

3, diabetic acidosis; 2, insulin injections; 2, 
trauma (1 fall on chest and 1 injury to 
eye) ; 2, smoking; 1, typhoid injection. 

20 

3.1% 
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Table V 

Onset of Coronary Artery Occlusion— Questionnaire 

■^ ame Adm. No. Age and Sex Occ.. 

Date of onset Hour of onset 

Description of work: Type, hours, rest, etc. 

History of angina pectoris, dyspnea, etc., with precipitating factors: 

Activities 4 weeks preceding onset: 

Premonitory symptoms and activities preceding and attending them (dates) : 

Onset of symptoms of attack and activities preceding and attending them (dates): 
Summary activity during onset, preceding 24 hours, week, 4 weeks: 

Tobacco Liquor 

Remarks: 


Fifty-two attacks (5.6 per cent) set in during excitement; that is, 
while gambling, or during or directly after an argument, or during or 
after fright, etc. The great majority of these patients were at rest 
or engaged in ordinary mild activity at the time of the emotional 
upset. 

Sixty-three attacks (6.6 per cent) occurred within three weeks 
following a surgical operation, and infections of various types pre- 
ceded the attack in forty cases (4.3 per cent). These included upper 
respiratory infection, cholecystitis, peritonitis, and pneumonia. Ap- 
proximately half of these cases are also included in the postoperative 
group. 

A small miscellaneous group comprises three attacks during diabetic 
coma, two after insulin injections, two while smoking, and one soon 
after a typhoid vaccine injection. Two attacks were associated with 
trauma — in one case a fall, and in the other a blow on the eye. In 
twelve eases the onset of the occlusion was manifested by repeated at- 
tacks of angina pectoris of increasing severity, thus making it difficult 
to determine just when the occlusion occurred. In’ eight cases the oc- 
clusion was silent; there was no history of pain, pressure, or other 
symptoms. 

There was no preponderance of attacks in any particular period 
of the day (Table YI). Of the 722 attacks in which the time of onset 


Table VI 

Time of Onset of Coronary Artery Occlusion in 722 Attacks 


period of the day 

ATTACKS 


Morning (7 a.m.-I p.m.) 

209 

BIM 

Afternoon (1 p.m. -7 p.m.) 

Hi 7 

Total (7 A.M.-7 p.m.) 

.070 

52.0% 

Evening 7 P.M.-l A.M.) 

102 

22.5% 

Night (1 A.M. -7 A.M.) 

1S4 

25.5% 

Total (7 P.M.-7 a.m.) 

2.40 

■IS.0% 
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was known, 23.1 per cent occurred in the afternoon (1 p.m. to 7 p.m.), 
22.5 per cent in the evening (7 p.ji. io 1 a.m.), and 25.5 per cent in the 
night (1 a.m. to 7 a.m.) . A slightly greater number occurred during the 
morning hours (7 a.m. to 1 p.m., 28.9 per cent). Fifty-two per cent of 
the attacks began during the daytime, and 4S per cent during the 
night. The exact hour of day when the attack occurred was ascertained 
in 471 cases (Table VII). Although the incidence of coronary occlu- 
sion was greatest at 2 a.m. and 10 p.m., it seems that no one hour was es- 
pecially important. 

Table VII 


Time of Osset of Coronary Auteuy Occlusion is 471 Attacks 


hour 

NO. 

noun. 

NO. 

1 A.M. 1 

21 

1 r.M. 

23 

2 

37 

O 

19 

o 

19 


17 

4 

11 

4 

14 

5 

15 

5 

15 

II 

19 

(5 

20 


122 (25.9%) 


10S (22.9%) 

7 A.M. 

23 

7 r.M. 

10 

8 

IS 

S 

35 

9 

20 

9 

10 : 

30 

39 

10 

30 

11 

23 

11 

i 25 

12 

38 

12 



121 (25.7%) 




DISCUSSION 

In reviewing the data on the activities at the onset of the occlusion 
it will be seen that 53.4 per cent of the attacks occurred during rest 
and sleep. This association is fortuitous, since one spends about half 
the day in these states. The same conclusion holds true for physical 
activity, including mild and moderate exertion and walking, which 
attended 44.5 per cent of the attacks, since at least two-fifths of the 
day is spent in such pursuits. Hence the onset of the attack did not 
depend on the state of physical activity or inactivity of the body. 
The findings were similar in the 200 cases in which a detailed history 
was obtained of the patients’ activities for days, and even weeks, prior 
to their attacks. 

f Ihe factor of unusual or severe exertion must be discussed in some 
detail. Twenty-five compensation cases which came under the observa- 
tion of the senior author in private practice were omitted from our 
series because in such cases the patient’s story is likely to he colored 
and exaggerated. These patients usually attribute their attacks to 
hftmg or moving a heavy load. With the omission of this group, 
barely 2 per cent of all of the attacks were associated with some un- 
usual effort, such as lifting a heavy load, playing football, swimming, 
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dancing, running for a train, etc. It may be argued that, although *2 
per cent is a small number, the severe effort was a factor in precipitat- 
ing the coronary occlusion in this small group. However, even the 
most sedentary person frequently performs some unusual effort during 
the day; nearly everyone has occasion to run, climb stairs, rush for a 
bus or train, tug at a drawer, lift a stuck window, park a car, remove 
a tire from a car, carry a heavy bag or weight, move a piece of heavy 
furniture, dance, or play golf. Were effort a factor, every day thou- 
sands of men and women over the age of 45 or 50 years with coronary 
artery disease would sustain attacks associated with severe exertion, 
and the percentage in our series would be much greater than 2 per 
cent. 

It is important to point out that in 60 cases the attack occurred when 
the patient had been in bed for weeks or months with a chronic illness 
or a previous coronary occlusion. In these cases there can be no 
question of effort at any time preceding the attack. 

Premonitory complaints, such as pain or pressure in the chest, short- 
ness of breath, and weakness, were noted in 80 of 170 cases in which 
the history was adequate. These premonitory symptoms appeared 
several hours or days before the actual attack, during rest or some 
ordinary activity. As far as we could ascertain, they were not related 
causally to severe exertion. 

Two other groups of data make the conclusion inescapable that 
activity is of no importance in the precipitation of coronary occlu- 
sion. Thus, the period of day and the actual hour when the occlusion 
occurred played no role, since the number of attacks in the working or 
play hours did not exceed those in the evening or night hours. In 
fact, 10 p.m. and 2 a.m. were the peak hours, and certainly the majority 
of people are resting or sleeping at these times. 

The occupational distribution in our cases was practically the s nine 
as that in the general population of New York City. Although in one 
authoritative report 0 the author maintained that there is a higher in- 
cidence of coronary occlusion in the upper strata of society, most 
figures, including ours, demonstrate that coronary arteriosclerosis 
affects all classes equally. 

It is obvious that when acute myocardial infarction has already oc- 
curred, effort may produce pain. It is even possible that strenuous 
effort may induce pain during the formation of the occluding throm- 
bus. a process which occurs over an interval, and thus make the patient 
aware of the condition. However, the effort does not play a role in 
the actual pathogenesis of the occlusion. Trauma, too, may serioush 
damage the heart and aorta, but it may be repeated that in this paper 
we are concerned only with the cause of classical coronary artery oc- 
clusion. 
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In recent years, pathologists™ 0 have emphasized the fact that, the 
thrombus in a coronary artery often results from an intimal hemor- 
rhage into an atherosclerotic, plaque. This has been used ns cor- 
roborative evidence by those (c.g., Paterson") who maintain that effort 
and excitement may lead to coronary artery occlusion; they assume 
that the transitory rise of blood pressure which accompanies the 
exertion or excitement may cause intimal hemorrhage. Such an as- 
sumption is refuted by several observations. Capillary, and even in- 
timal, hemorrhages occur in shock, in which the blood pressure drops 
to very low levels. Furthermore, Wintcrnitz, et ah, 9 injected dye into 
sclerotic coronary arteries at pressures varying from 500 to 1000 mm. 
Ilg without producing rupture of the intimal capillaries. Surely the 
pressure in the coronary arteries and capillaries during life is very 
much lower than this, so that hypertension cannot be a factor in 
intimal hemorrhage. 

'Whatever the actual pathogenesis of coronary artery occlusion 
may be, our clinical data appear to us to exclude exertion as a fac- 
tor. Furthermore, there is no evidence that intimal hemorrhage into 
a plaque is precipitated by effort; it is part of a degenerative process 
resulting from pre-existent and progressive atherosclerosis. 12 Tt ap- 
pears at the site of the most advanced arteriosclerosis and is probably 
unrelated to external influences. Tn fact, intimal hemorrhage was 
just as frequent a post-mortem finding in our patients who had been 
confined to bed for weeks as in those who were active before the coro- 
nary occlusion. 

It is important to consider the relationship of coronary occlusion to 
meals, which have been assumed to be a precipitating factor. About 
10 per cent of the attacks in our series set in during or after a meal; 
this includes attacks which occurred as long as two hours after a 
meal, providing it was a heavy one. Considered in this way, the period 
of day in relation to the three meals is much more than 10 per cent; 
hence, one must conclude that in our series the relationship of attacks to 
meals was fortuitous. 

Only 5.6 per cent of the attacks of coronary occlusion in our series 
showed some association with emotion, in spite of the fact, that all of 
us repeatedly experience some degree of excitement, whether it is a 
fright, an argument, or a death in the family. Were emotion and 
excitement factors, one should find Ihom very commonly associated 
with attacks of coronary occlusion; indeed, it might be dangerous for 
people over fifty to read a newspaper or listen to Ihe radio. 

One cannot, rule out. infection as a factor in our cases of coronary 
artery occlusion. It was a frequent complication, particularly in the 
postoperative cases. Among the patients who had not. been operated 
on, there were 23 instances in which an upper respiratory infection 
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grippe, or other acute disease, was present for several days preceding 
the attack. It will be necessary to gather data from a larger series 
of cases before a definite conclusion on this point can be reached. 
The relation of surgery to coronary artery occlusion has been dis- 
cussed in a previous publication. 13 


SUMMARY 


1. One thousand four hundred and forty attacks of coronary artery 
occlusion were analyzed from the standpoint of the patients’ activities 
preceding the attacks, the time of day when the attacks occurred, the 
patients’ occupations, and other associated factors. 

2. The distribution of occupations in this series of cases was ap- 
proximately the same as that in the general population;. therefore, oc- 
cupation and social status did not predispose to coronary occlusion. 

3. The circumstances preceding the onset of symptoms in 890 cases 
were: sleep, 22.3 per cent, rest, 31.1 per cent, mild activity, 20.2 per 
cent, moderate activity, 8.5 per cent, walking, 15. S per cent, and un- 
usual exertion, 2.0 per cent. 

4. Correlation of these percentages with the number of hours spent 
daily by the ordinary person in the same occupations indicated that 
the circumstances were coincidental and that none of them was caus- 
ally related to the coronary occlusion. Coronary occlusion occurs 
irrespective of the state of physical activity of the body. 

5. Associated factors in 930 cases were: meals, 9.9 per cent, emo- 
tional excitement, 5.6 per cent, surgical operation, 6.6 per cent, infec- 
tion, 4.3 per cent, and miscellaneous factors, 1 per cent. It. was con- 
cluded that, with the possible exception of surgical procedures, these 
factors did not play a role in the pathogenesis of coronary occlusion. 
Only two attacks of coronary occlusion were associated with trauma. 

6. Detailed histories of the activities and emotional state of patients 
for hours, days, and weeks preceding attacks confirm the belief that 
physical activity and excitement are not factors in the onset of coro- 


nary occlusion. 

7. Sixty patients sustained an attack of coronary occlusion after 
having been bedridden for weeks or months because of some chronic 
illness. 

8. The time of onset of the attack was ascertained in 722 cases. 
Equal numbers occurred during the afternoon, evening, and night, 
and a slightly greater number during the morning. The attacks were 
well distributed throughout all the hours of the day, with peaks at 
2 a.m. and 10 i>.m. This also indicates that activity is not a factor in 


the precipitation of coronary occlusion. 

9. Premonitory symptoms of the attack, such as chest pain, dysp- 
nea, or weakness, were present in 80 of DO eases in which these symp- 
toms were investigated. 
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10. There is no evidence that physical effort or excitement produces 
intimal hemorrhage in the coronary arteries, which is the usual fore- 
runner of thrombosis and occlusion. Intimal hemorrhage is the end 
result of the progressive, degenerative arteriosclerotic process and is 
probably a fortuitous event. It was found at necropsy as frequently in 
patients who had been bedridden prior to the occlusion as in those who 
were physically active. 
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CONYALLAN IN CARDIAC THERAPY 

Ralph H. Major, M.D., axd Lee H. Leger, M.D. 

Kaxsas City, Kax. 

0 N VALLA BIA MAJALIS, or lily-of-tlie-valley, lias been known for 
^ many years as a cardiac tonic and diuretic. However, eonvaUaria 
lias played a very small role in the therapy of cardiac disease because 
the preparations available have not been standardized and are often 
inert. 

Until recently the preparations used were mainly infusions and fluid- 
extracts of leaves, roots, or of the whole plant. Marvin and White, 1 
in 1921, showed that the activity of convallaria is due to certain glu- 
cosides -which resemble digitalis. W. Karrer, 2 in 1929, isolated a 
crystalline glueoside of convallaria by extraction with chloroform and 
named it convallatoxin. An assay of this substance showed that it 
contained three million frog doses* per gram. Straub, 3 in 1937, de- 
scribed an extract prepared by treating an aqueous solution of con- 
vallaria with colloidal iron hydroxide and concentrating the filtrate 
to a powder. This extract he named “convallan.” Straub’s con- 
vallan was found to consist of 20 per cent convallatoxin and 80 per 
cent “convallamarin complex.” Physiologic assays showed that con- 
vallan contained 4000 to 8000 frog doses per gram. 

Yon Bergmann 4 studied the pharmacologic properties of convallan 
and found that its activity, as measured in frog doses, showed that it 
stood between digitalin and strophanthin in therapeutic effect, but 
-was much less toxic than either. 

The findings of Yon Bergmann were confirmed by Biittner, J who 
found from his clinical studies that the minimum effective dose was 
3000 frog units, that the maximum dose which could be employed was 
20.000 units, and that doses of 12,000 frog units may be administered 
daily with safety. Biittner also found that convallan had little, if 
any, cumulative action, and that it may be given before or after 
digitalization with complete safety. Biittner also noted that the 
pharmacologic action of convallan in large doses was essentially the 
same as that of digitalis and strophanthin. However, small doses pro- 
duced a remarkable diuretic effect without causing heart block or in- 
creasing the degree of an already existing block. 

This interesting observation suggested its use in patients suffering 
from cardiac failure associated with varying degrees of heart block. 

From the Department of Internal Medicine, University of Kansas School of Medicine, 
Kansas City. Kan. 

Received for publication May 14, 1939. . 

*One frog- dose is the smallest amount of a drug, per gram of animal, which m 
kill a frog when injected into the ventral lymph sac. 
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The dosage employed in this group of cases was laigely empirical and 
was determined by the pharmacologic effect obtained in the individual 

patients. 

REPORT OF CASES 

Case 1.— B. W., a colored man, aged S2 years, was admitted to the hospital 
July 13, 1938. The patient, on admission, had evidence of arteriosclerotic heart dis- 
ease, with severe dyspnea, orthopnea, ascites, bilateral hydrotliorax, and marked edema 
of the ankles and feet. On admission, the electrocardiogram (Fig. 1) showed lef 
bundle branch block. The patient received 2000 F. D* of convallan daily for four 


Fig. 1. 



clucT/on impah - rnent. taken °" admission into the hospital, showing intraventricular con- 

i r Fi &J- Case X ’ ta ! cen nineteen days after the admission electrocardiogram drier 
1). Note improvement m intraventricular conduction, slowed rate? and ^repSaUonf 


days The dose was then increased to 3000 F. D. for three days, after which he was 
placed on a maintenance dose of 2000 F. D. daily. There were a rapid loss of 
anasarca, disappearance of dyspnea, and slowing of the pulse rate. The patient was 
4 F.B., frog dose, 
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dismissed nineteen days after admission entirely free from edeinn. An elertiu. 
cardiogram (Fig. t.’) "taken Ann. h lt'-S. showed improvement in (lie nurieulo 
ventricular conduction. Ten months after di-mis-at from the hospital the patient eon- 
tinues in fair condition, having slight edema only o-ea-iunnlly. 

t'asi: i. — .1. II., a white man, aped ?'.' years, with nrtorii»r|ernt ic heart disease, w:m 
admitted to the hospital Dec. X, lt'llS, showing ns.-ite 1 *, bilateral hydrnthoralr, and 
edema of the legs. On admission, the eleetrornrdiograni (hig. •>) (‘honed complete 
A-V dissociation with Idgemiay. Tim patient received Iimin 1’, D. of eonvnllan daily, 
and the edema and dyspnea disappeared rapidly. The electrocardiogram (1 i ft* *' 1 
which was taken Dee. It, ltf’S. showed complete A*V di-^o-ialioa v.dth tin auricular- 
ventrieuhir rate ratio of 12:1, and there was none of the previous Idgemitty. Tim pa 
tient was dismissed from the hospital on a raaintentince do. c ,,f -’nn'ui T. D, daily. am 
four months later lie was still free of ed.-ma. 



I-IU. Case ", talmn lo furo eoiivallnn tie r.ij>y. 

Fl^r. C.-Case s, t:.li.„ nft.-r Hire rimnUm of S.oftfi |-M». of ,-.,iivt»U«u datty. 

•rv'rf 1 ' 

s,o * z:;z izzz 

■i,c z *-i ™ zrr r, ? 1,1 j t ° c - m y - "■ «•' - -w ,i»« 

loot Poon.1. nri ,lmml i, 




448 


THE AMERICAN HEART JOURNAL 


(Fig. 5), taken seven days after admission to the hospital, after she had received 
digitalis, showed no change from previous electrocardiograms; bundle branch block 
was present. An electrocardiogram taken after three months of convallan therapy 
(Fig. fi) showed no increase in the degree of heart block, and the patient’s con- 
dition was much improved. 


Cask 4, — P. 31., a white man, aged 74 years, was admitted to the hospital Dec. 28, 
1P8S, showing marked dyspnea, gallop rhythm, and edema of the ankles. The patient 
was found to be suffering from hypertensive cardiovascular disease with cardiac 
failure. The electrocardiogram (Fig. 7), taken Dec. 29, 19?, S, showed prolongation 


l'im 7. 



Ftp. 8. 

Ftp. 7. — Case 4, taken on admission to hospital. No axis deviation. 

Fig. 8. — Case -1, taken tliirtv days after admission. Loft axis deviation; change in 
Ti, T;, and T:. 


of conduction time and some depression of the S-T segments in Leads XI and III- 
He received 3000 F. D. of convallan daily, was promptly relieved of edema and 
dyspnea, and the gallop rhythm disappeared. The blood pressure, however, re- 
mained unchanged. An electrocardiogram (Fig. S) taken Jan. 30, 1939, showed 
little change in the heart rate but distinct improvement in auriculoventricular con- 
duction and beginning left axis deviation. This patient was placed on a main- 
tenance dose of 3000 F. D. daily, and four months later he showed continued im- 
provement. 




MA.IOlt AND I.KuKti : CON'VAU.AN* IN' CAKlU.U- TUKltAl'A 


-I-!!) 


Cask 5— G. 1\, a white woman, aged 17 years, a sufTerer from hypertensive 
cardiovascular disease for several years, was admitted to the hospital dan. M, UhlS, 
complaining of nausea and vomiting. She showed marked orthopnea and dyspnea. 
The electrocardiogram (Fig. !>). made dan. Id, It'd!!, showed left handle hiandi 
block. The patient was digitalized, Imt her condition did not improve; after hod 
rest for nine weeks, the pulse rate remained between 110 and Id", and marked 
dyspnea was still present. She was then given dOOIt F.l>. of eonvalhin daily for four 
days and showed very marked symptomatic improvement. She was dismissed on 
a maintenance dose of 2000 F. 1>. daily. The electrocardiogram (Fig. 10) taken 
April 7, 10dS, showed left axis deviation, which was not present in the first electro- 
cardiogram. 

Kin. S. 



rkiUon. Casc 5 * on admission to tlm hospital. |,« hoodie branch block. No axis 
Ffg. 10.— Case !i. three and one-hidf months inter. Ixft nxls deviation. 


This group of cases is a selection from a much larger number in 
which convallan was used in treat men!. In a number of cases of 
valvular heart disease with marked decompensation, favorable clinical 
results were obtained, but results no better, ant! often not as good as 
those gained by using digitalis. Two patients with lipoid nephrosis 
were treated with convallan; one responded with complete disappear- 
ance of the edema, while the other was unaffected by the drug. 

Our impression, after a two-year experience with convallan, is that 
it can be employed, often with much benefit, in cases of heart block 
or bundle branch block with cardiac failure in which the administra- 





CAPILLARY RUPTURE WITH INTIMAL HEMORRHAGE AS 
A CAUSE OP PULMONARY THROMBOSIS 

J. C. Paterson, M.D. 

Ottawa, Canada 

T HE differentiation between primary thrombosis of the pulmonary 
artery and embolism due to the transport of thrombus material fiom 
a distant site is difficult. When the occluding masses occupy the entire 
arterial lumen, as they usually do, one is forced to consider them as 
emboli, even when the site of primary thrombosis cannot be found. How- 
ever, small mural thrombi which occupy only a part of the lumen and are 
firmly attached to the arterial wall can be regarded as primary de- 
positions. Two such cases of thrombosis, in situ, of the pulmonary 
artery and its branches are reported here. It was interesting to note 
that the mechanism of thrombus deposition in each case appeared iden- 
tical with that which I have described in sclerotic coronary arteries , 1 
namely, capillary rupture with intimal hemorrhage into an athero- 
sclerotic plaque. 

CASE REPORTS 

Case 1. — A 64-year-old woman was admitted to hospital four months before 
death, complaining of weakness in both legs, pain in the back, and debility. Ex- 
amination revealed a severe hypochromic anemia, marked kyphosis of the lower 
dorsal vertebrae, and paraplegia. She grew worse steadily, and developed signs 
of bronchopneumonia as a terminal feature. Decubitus ulcers were present. 

Autopsy revealed almost complete destruction of the tenth, eleventh, and 
twelfth thoracic vertebrae by a tuberculous process, with secondary infection by 
Gram-negative bacilli. The spinal cord at the level of the eleventh thoracic verte- 
bra was compressed and thinned out to approximately one-third its normal width. 
Acute, bilateral bronchopneumonia was the immediate cause of death. Additional 
autopsy findings were leiomyoma of the uterus, bilateral cortical adenomata of 
the adrenal glands, old pleural adhesions, and severe hypochromic anemia. 

The apex of the left ventricle contained a firmly adherent mural thrombus, the 
center of which was liquefied and showed Gram-negative bacilli on direct smear. 
No infarction, old or recent, was noted in the adjacent myocardium. The aorta, 
coronary arteries, and the pulmonary artery and its main branches showed a mod- 
erate grade of atherosclerosis. _ In the pulmonary artery there were numbers of 
small, slightly raised, yellowish flecks, the process extending down as far as the 
tertiary branches. In one of the latter, on the right side, a pedunculated mass 
of thrombus was attached firmly to the apex of an elevated plaque. This thrombus 
measured approximately 6 by 2 by 2 cm.; it was pear-shaped, and its pedicle 
was quite narrow. The thrombus occupied about one-fourtli of the lumen of the 
artery. The entire thrombus and the adjacent part of the arterial wall were 
embedded in paraffin in one block, and sectioned serially at intervals of 100 n, 
the sections being cut longitudinally. The sections were stained with hematoxylin 
and eosin and with Perle’s stain for iron pigment. 

From the Department of Pathology, Ottawa Civic Hospital. 
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Microscopically, the intima of the artery showed a diffuse thickening of the 
fibrous “endnrt critic’’ variety, but at the point of thrombus attachment there 
•was an atheromatous plaque into which hemorrhage had occurred. The hemor- 
rhage appeared to vary in age in different parts of the atheromatous plaque; 
the central portion showed intact red cells, while at the periphery hemosiderin 
could be demonstrated with Perle’s stain. The intervening space was occupied 



Fig. 1. — A. a longitudinal section through a brancli of the pulmonary ay ten 


in 


. -1, U ICIlgllUUilUil secuoil llUUUgll UUUIUI ui in'- l-'“‘ -- * ~ , - 

Case 1. A pedunculated thrombus projects into the lumen and is attached to ui 
arterial wall at a point (shown by the arrow) where hemorrhage had occurred into 
an atherosclerotic plaque. The thrombus was partially separated at this point during 
the process of sectioning. Hematoxylin and eosin stain was used. X1S. . , 

B, a section through the same branch artery, showing a small capillary arising 
from the lumen and penetrating the intima. Hematoxylin and eosm stain uas useu. 
X130. 
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by homogeneous material which stained pink with eosin and resembled "fibrinoid” 
material. The pedicle of the thrombus was attached to the apex of the hemor- 
rhagic focus, and here it showed advanced organization and hemosiderin pro- 
duction (Fig. I.-!). The body and tip of the thrombus were of more recent origin, 
consisting of skeins of fibrin and platelets with enmeshed red cells and leucocytes. 
No intimnl capillaries could be made out in the area of intimal hemorrhage, but 
farther down in the artery a small capillary was noted, arising from the lumen and 
penetrating the thickened intima (Fig. 1 II). 

Case 2. — An Sl-vear-old man was admitted to hospital five weeks before death, 
complaining of frequency of micturition of six years’ duration, and of a painful 
swelling in the perineum for one month. On examination, the prostate gland 
was found to be symmetrically enlarged, firm, and smooth. There wits n painful, 
indurated swelling in the perineum which displaced the scrotum forward, and 
extended from the left inguinal region to within half an inch of the anus. Two 
days after admission this swelling was incised, and a large amount of purulent 
material evacuated. Cultures of this material grew a nonhemolytic streptococcus, 
Staphylococcus aureus, and B. colt. Two weeks later cvstoslomy was performed. 
Subsequently lie grew worse. A spreading ulcer developed at the point where the 
perineal abscess had been drained. At no time in the postoperative period were 
there any signs or symptoms referable to the lungs. 



artery' in ’ Case Most* of 1 the^lnf °f 11 tcrt,iu '- v bninch of tbc Pulmonary 
branch arteries. ThrenaothXmi ovo . ^™° r j£ < 7; cs « ro situated about the orillce.s of 
others it is ulcerated lnlact - wh,,c 


Autopsy revealed an adenomyoma of the prostate gland, acute necrotic cystitis, 
acute and chrome osteomyelitis of the pubic bone, brown atrophy of the* heart 
and a moderate grade of cerebral edema. 1 

n , "f ‘ C °“ 3Iiac vei ” right external iliac vein were completely 

occluded by an adherent mass of thrombus. The pulmonary artery and its main 

InTddit-o tT 1 ;. UmC “ r0U % sU ^y raised, yellowish, atherosclerotic plaques. 
In addition, the intunal surface of many of the secondary, tertiary and smaller 

branches of the pulmonary artery showed numbers of greyish-brown, irregularly 
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rounded swellings, most of which wore situated close to the orifices of branch 
arteries (Fig. 2). They varied between 1 mm. and 1 cm. in diameter. The endo- 
thelial surfneo over some of the swellings was intact; over others it was ragged 
and apparently ulcerated, while over a few thrombus was attached to it. One 
branch artery was almost completely occluded by thrombus. Six of these lesions 



Fig-. 3. — A, a section of one of tlie intimal hemorrhages in Case 2. The endoUieliun 
and the superficial intimal layers are intact and are elevated by the hemorinag . 
Hematoxylin and eosin stain was used. X55. _ „ 

B, a longitudinal section through a small branch artery in Case 2. The lumen 
is almost occluded by a thrombus which is attached at a point (marked by the arrow; 
where hemorrhage had occurred into an atherosclerotic plaque. Hematoxylin ana eosin 
stain was used. X20. 


were embedded in paraflin and sectioned serially at intervals of 100 /r. The sec- 
tions were stained with hematoxylin and eosin. Three others were sectioned by 
freezing, and the sections were stained with Sudan III and hematoxylin. 
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Microscopically, eacli of tiro areas of inthnal discoloration was found to repre- 
sent a hemorrhage into the subendothclinl tissues. Intact red cells could be scon 
in most of tho hemorrhages; organizing blood clot was present in some; and oc- 
casionally hemosiderin could be demonstrated, particularly at the outer edge of 
tlic hematoma. Small capillaries lying in proximity to the extra vnsated 
blood and to the lumen of the artery were seen in several of the sections. The 
endothelium and the subendothclinl tissues overlying the hemorrhages were in- 
tact in a few instances (Fig. 3.-!), and in these there was no evidence of thrombosis. 
However, in tho majority the superficial layers could not be made out, the area 
of hemorrhago gradually merging into a ragged mass of thrombus which projected 
slightly into the lumen of the artery. In one instance the lumen of a branch artery 
was almost completely occluded by a large thrombus which was attached to the 
apex of a small atherosclerotic plaque into which hemorrhage had occurred (Fig. 371). 
The frozen sections which were stained with Sudan 111 and hematoxylin showed 
stainable fat intermingled with blood in most of the intimal hemorrhages. 

COMMENT 

Because most of the pulmonary thrombi in lltc.sc two eases occupied 
ouly a small part of the arterial lumen, and because they were firmly 
attached to the intima by organizing tissue, one can safely assume that 
they were formed in situ. The principal causes of pulmonary thrombosis, 
as given in the literature, arc stasis of blood in aneurysmal sacs, inflam- 
matory lesions of the arterial wall (cither primary arteritis or secondary 
arteritis due to the spread of inflammation from the adjacent lung 
tissue), and atherosclerosis with the formation of atheromatous “ulcers.” 
Less commonly, other conditions may act as contrilnitary causes — in- 
crease in the blood calcium, polycythemia, dehydration and anoxemia, 
and myocardial insufficiency with consequent slowing of the pulmonary 
circulation. From the findings in the two cases reported here, it would 
appear that capillary rupture with hemorrhage into atherosclerotic 
plaques should he included in the list of principal causes. 

The intimal hemorrhages in these two eases were similar in struc- 
ture to those previously described in sclerotic coronary arteries and in 
association with coronary thrombi. 1 They had occurred into atheroma- 
tous foci, and in several instances small capillaries which arose from the 
arterial lumen lay in proximity to the extravasated blood. It is 
admitted that intimal hemorrhages of the coronary arteries result from 
the rupture of intimal capillaries. 1 ' 3 Intimal hemorrhages in the 
pulmonary artery and its branches can he considered to he of similar 
origin. Furthermore, because the intimal hemorrhages were found at 
the point of attachment of all the pulmonary thrombi in the two cases, 
it would appear that the liberation of thromhoplastic substances, either 
from the hemorrhages proper, or from other lesions which are secondary 
to capillary rupture, was responsible for thrombosis. 

I have already suggested that the main causes of capillary dilatation 
and rupture in sclerotic coronary arteries, in the order of their im- 
portance, are (1) high intracapillary blood pressure due to persistent or 
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transient hypertension, (2) softening by atheroma of the stroma sup- 
porting: 1 ho capillary wall, and (3) increased capillary fragility. There 
is reason to believe that this order of causative factors should he reversed 
in cases of pulmonary thrombosis. 

The normal systolic blood pressure in the pulmonary artery is said 
to be 30 to 40 mm. Jig, a pressure which is low compared to that in the 
aorta and its main branches; and there were no findings in the two cases 
reported here to suggest that the intrapulmonary pressure had been 
abnormally raised for any length of time. That is to say, there were 
in neither case any pathologic lesions such as mitral stenosis, brown 
induration of the lungs, hypertrophy of the right ventricle, or chronic 
passive congestion of the liver and spleen, all or some of which are 
usually associated with long-standing high pressure in the lesser circula- 
tion. lOxcept for the possibility of a sudden and transient increase in 
the intrapulmonary pressure in these two cases, a highly improbable 
condition, the factor of increased intracapillary pressure in the produc- 
tion of dilatation and rupture of intimal capillaries in the pulmonary 
artery appears to be of little importance. 

The influence of atheromatous degeneration in the production of in- 
timal hemorrhages in the pulmonary circulation is difficult to estimate. 
Softening is a physical character of atheroma, and it is assumed that the 
softening process allows the wall of a capillary to dilate and rupture as 
the result of the pressure within its lumen. While both gross and micro- 
scopic evidence of atherosclerosis was present in the pulmonary artery 
in each of the cases reported here, the lipoid deposits were not nearly so 
massive as those affected by intimal hemorrhage in the coronary arteries. 
Indeed, most of the hemorrhages in Case 2 had occurred into the more 
superficial subendothelial tissues. It would appear, therefore, that the 
rupture of the intimal capillaries in these two cases cannot be laid to 
overdilatation from increased intracapillary pressure or from excessive 
atheromatous degeneration. Inasmuch as other information was lacking, 
it was probably due to increased capillary fragility. It is known that 
the walls of capillaries become more fragile with advancing age;' 1 one 
of the patients was 81 years old. and the other, while only 64, ap- 
peared prematurely aged, presumably as the result of a long-standing 
luberculous infection. Other factors that may affect the fragility of 
intimal capillaries in general are now being investigated. 


SUMMARY AXI) CONCLUSIONS 

Two cases of thrombosis of the pulmonary artery and its branches 
are reported. In each ease the various thrombi were attached to the 
intima at points where hemorrhages into atheromatous plaques had 
occurred. It would appear that intimal hemorrhage in the pulmonary 
artery results from the rupture, of capillaries which are derived from 
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the arterial lumen. The rupture of intimal ea])illaries with intimal 
hemorrhage should be included in the list of causes of pulmonary artery 
thrombosis. 
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ELECTROCARDIOGRAPH IC CHANGES ASSOCIATED WITH 
EXPERIMENTAL ALTERATIONS IN BLOOD 
POTASSIUM IN CATS 


F. L. ClIAMIJERLAIX, M.D., J. SCUDDER, M.D., A XI) R. L. ZwEMER, Ph.D. 

New York, N. Y. 

T HE increasing: interest in electrocardiographic abnormalities which 
are not due to structural changes in the myocardium has prompted 
our study of the effect of potassium on the electrocardiogram. An 
intimate relationship of potassium to automatism and to bioelectric 
phenomena seems fairly certain, in the light of current knowledge, and 
numerous investigators have studied the effects of potassium on heart 
muscle strips, the intact heart, and heart-lung preparations. 

Electrocardiograms with concomitant potassium determinations on 
the intact, unanesthetized subject following potassium administration 
are rare. 

Wig gers 1 produced electrocardiographic changes similar to those 
due to coronary occlusion by applying with a brush a 20 per cent 
solution of potassium chloride directly to the ventricle of the dog. 
Wiggers and his associates-’- 3 described electrocardiographic changes 
in ~dogs following intravenous and intracardiac injections of potassium 
chloride. These changes varied with the amount of potassium chlo- 
ride injected and with the site and speed of injection. Concentrations 
of serum potassium were not determined. Harris and Levin 4 noted 
slowing of the human heart and slight diminution in the height of the 
P waves following the administration of 5 c.c. of o per cent potassium 
chloride solution. They conclude that there is no relation between 
electrocardiographic changes and concentration of potassium in the 
serum, but from the data presented this conclusion docs not seem 
justified. 

In five experiments on four dogs, Winkler, Hoff, and Smith 5 found 
marked changes in the electrocardiogram, with eventual cardiac ar- 
rest, following the intravenous administration of 1.12 per cent potas- 
sium chloride solution at the rate of 10 c.c. per minute. 

In the present study the potassium chloride was given intraperito- 
neally because Zwemer and Traszkowski® had found that this pro- 
cedure gave more predictable results and smoother blood potassium 
curves. 

MATERIALS AND METHODS 

Eight normal cats were prepared for electrocardiographic observation, using the - 
three standard leads. One or two control electrocardiograms were taken, and 

Prom the Departments of Medicine. Surgical Pathology, and Anatomy, College of 
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whole blood was obtained for determination of potassium content by the 
Truszkowsld-Zwemer method.* Whole blood determinations are permissible m 
the cat, since the potassium contents of cells and plasma rise and fall together 
and are not so widely different as in other species.s Potassium elilondo (10 po 
cent solution) was then injected intrapcritoneally into seven of the animals, 
and 10 per cent sodium chloride solution into tlio eighth as a control. Repeated 
whole blood samplings and electrocardiograms were taken at intervals of from 
live to fifteen minutes until death or apparent recovery. If death ensued, blood 
from various vessels (cf. Zwemer and Pike 0 ) and fluid from the pericardium and 
cerebrospinal system were collected for determination of potassium content. The 
specific gravity of the blood was measured by the falling-drop method of Barbour 
and Hamilton. 10 Three cats given potassium chloride recovered. One had been 
given a subletlial dose, another was treated with a largo amount of physiologic 
saline, and the third was injected with escliatin.* 


RESULTS 


The outstanding results in the individual animals are given below, 
and the chief effects of potassium on the electrocardiogram are then 
briefly summarized. 

Specific data are given in Tables I and II, and illustrated by Pigs. 
1 to 5. 

1. Cat 3732. — After the administration of 938 mg. of potassium chlo- 
ride per kg. (in 10 per cent solution) intrapcritoneally, the blood 
potassium content showed a gradual rise from 35.2 to 71 mg. per cent. 
Electrocardiograms taken at ten-minute intervals showed progressive 
inversion of the T waves in Leads II and III. These changes were 
marked ; the waves, which had been normally upright, became deeply 
inverted. When the blood potassium content reached 47.9 mg. per 
cent (30 minutes after injection), intraventricular block appeared, and 
the QRS complexes assumed the appearance of those which are typical 
of bundle branch block. Subsequent records showed a marked in- 
crease in the intraventricular block, and what was probably complete 
auriculoventricular block with auricular asystole or auricular fibrilla- 
tion. Ihe intraventricular block increased, and the ventricular rate 
was veiy slow in the last record obtained before death, seventy min- 
utes after injection. 


2. Cat 3734. — After the administration of 963 mg. per leg. of potas- 
sium chloride intraperitoneally, in 10 per cent solution, the blood 
potassium content rose from 22.8 to 90 mg. per cent. Electrocardio- 
grams taken at five- and ten-minute intervals showed, at first flat 
temng and a tendency to inversion of the T waves in Leads H and 
111. Partial intraventricular block was first noted when the blood 
potassium level was approximately 43 mg. per cent, men the blood 
potemm content rose above 66 mg per cent, complete anrieulo- 
_J_nuilar block appeared, with occasional paroxysms oi ventricular 

•v„r which ™ tax. this op B ott„„,, y to thaok p„ k „, ^ 



46 


THE AMERICAN HEART JOURNAL 



CHAMBERLAIN ET AE 


ELECTROCARDIOGRAPHIC CHANGES IN CATS 


461 


- 1 < _ o _ >s 

• 0 ■ O 


01 C CO o C l 
■+■ — 4- — 4* 


w o « o o 

-M I — Vi 


O o o , 


h 2 oi® + 
4 4* 


is 

(MOW o J 


X 

O 

O 


CO 

c-< 


6 o « 
a >*-» 4 I 


t'- © CO © | 


CO o CO O H 

4 - i 


00 © o ^ 


6 o^; c *© 

- - 7 - 4 * 


*© O Cl Cp 
o - 


C i (M i. o 


O <*- 
— O 


^ O © O 


n © i © oi 


og eg 

■*■* Cl ^ r-( 


*S . E 

& - g 2 

5 ° * o 

o 

t> *4 

o< j?-5 


M Cl eo 
in >n in 
O o o 


S B 
c <G 


0 4 0 
H CO Ol 


s ** 

2 g © 

— v ^ *© 

c s' 5 
o 5 g o 
o C^n 


b-n 

o 

> u 
o o 


rt n — 

o *H lo 
Pi »h ci H 
ri 


03 . .* 

I8$r 

ms 


O O 

b o m o e 
o - c; ^ c 
B 


’Cc5!?c- 
o 4- ^ c 


m © r 

.i - 


:o c ir. 
^ 01 


I- © r-i 
■ ^ 01 


:: o co 

»Q 1-0 lO 

o o o 


y C C 

t> co ca 
iCJ *> co 

Ovl CO Ol 


o P p 
.h — 

c * rt-S 
o 2 s 

o C <S O 


O 

h ?H u 

O *H 

t- c 

•fi O <D B 

ci o'hi- 
o a c5 co 
B 


Ol 

12 
«3 

o go 

feSM 


ti} 

gM 


B O v-< C B 

O o — © 

B •— B 


C O r- 


.. C •'T c 
’ 1 ■*- O — " 1 


!?:*«££ 
li-i 1 Ol © 
I 


. O 
C CO r 


Cc® 

**' T * 

7 . ~ d 2 = 

15!^ o 


rt ^ a — 
iw o i.o iro 
o o © © 


5 5c" 

p \ f T”f > I 


1 - O l- 00 
CO c; CO c; 
OI 4 4 01 


— 2 M 1 < 

© C 'q © 

— *P — P ci 
B p g 

o 5 B 

O fctSri 


WOl S 3 
►-« •*« 
o a 

> 0) b 
§ <S m 
o a -r 


w 


in tb 5 ° ip .j 
- CB ‘ J fe o g X u 
oc gon 


w SSf* 


!?£« 


O o p-.'a o x 


r-l O Ol O rH 

.). «+« - 1 - 


cn 

Cl o '? O • 
-I- *. ^ 


o c 2 ° 

~ 0 w + 


CO C Cl S N 


8 S ZJ o g 


U C 1- c *J 
u ^ O — U 


*H « O O 


C C 


c r - C 


!r o £ o § 

7 *- c5 ■“ * 


S c = o 

rr ^ 

3 ». . V. n 

S r-* ^ r** u 

ir J- © ^ © 


:: cci 
».o — 

o o o 


c i B 
O B B 
*J PB 


fC 40 
Ol 41 Cl 


“ o 

OB — 

s.= _ © 

ts «*S ^ 
O S B 

y B <b »-< 

I . 

s 8 7 

2 d - 

l^g 


•« r • 
O ° 9 


" ci 


m bo o o i;* 
t- SPw j: o ■= 
TO S o 13 & 

oOno >* « 
^ ° ^ 'H C O 
OH m M 


saline 



462 


the AMERICAN HEART JOURNAL 




CHAMBERLAIN ET AT. 


ELECTROCARDIOGRAPHIC CHANGES IN CATS 4G3 


-w rd to 
E ‘S, S 
S rt >> 

o o m 

4 -* 

• O CO 

o o 

^ 0 tJD 


^ C) ^ 
. > m 
-*± o . 
fl O 

o'0H 

E 


O *“ ^ •= 

a 


.S'g >» 

© 

3 to 

.2 g'.S 

S -*-> o 

** »*> fcU 
«■£ “ 

g g 

© ^ 

S S S 44 * 
O .S © |4 

W «‘S « 
c <u 

© -© ~ 
S « .1-1 


4^ O ® * 

ir; 

>>1^ 
S «•« 
**:s g. 


.2 S E 
C.O S' 

s-gi 

O 

O 


r» o c 

r4 >-< **"' 

e p. 

W O 

« ci « . 

!L C*r3 C 

■sM 

•*i " rt o 

• I- CTJ 

CO . 4J rj 
*t< 03 C 
ri H / 
i o« !• 

go u 

2 r-1 • O 

o 

" gSg 

~ tCco '■£■ 

v 

O 


a 

t: „-c 
2 5 W 
~ = W 


f is 

S4 (y 

3 EL 2 

^ fct p 

5 ►- c 


& ci » ^ *r 
y v. fS 

&.,§ e s ~ 

S g 

■S » £ g 

Iff eJ£i<<» 

o t; K 

e-go* 

. s* Se 
© ►-« »-• K 
3 tf * g _ 


X © *= 

u O . c 
£ > rs C > 


£ 5-2 


p tc l- 
o 
O 


o © 
1* ® CO 


C/D C^h 

J » -f 


CC ^3 Ci 

N v ~'-i 


- © © 

© ■*-* 
~}i C5 
o p* »— t 



464 


THE AMERICAN HEART JOURNAI 


tachycardia. \ entricuJar fibrillation appeared ninety minutes after 
injection and was followed by death. 

3. Cat 3743. — The animal died in a convulsion two hours and twenty 
minutes after an intraperifoneal injection of 800 mg. per Icilo. Grad- 
ual increases in the blood potassium level were accompanied by intra- 
ventricular block, followed by auriculoventricular block with what 
was probably auricular flutter. 



Fig. 1 — Cat 3732. Records taken before and after intraperitoneal Injection of 93S 
mg. of potassium chloride per kilo in 30 per cent solution show progressive inversion of 
T waves in Leads I and II, followed by intraventricular block and either auricular 
standstill or auricular fibrillation with complete auriculoventricular block. The tracings 
were taken with standard technique. The fine vertical lines fall every' .04 second, 
and the fine horizontal linos represent a string deflection of 0.1 millivolt. Blood 
potassium levels were: control, 33.2 mg. per cent: 47.9 mg. per cent at 30 minutes; 
71.2 mg. per cent at 55 minutes. At death, the serum potassium was 72.2 mg. per 
cent. 


4. Cat 3744. — Progressively increasing intraventricular block, au- 
ricular fibrillation, and, finally, auricular and ventricular standstill 
were observed over a period of six hours and fifty minutes following 
the intraperitoneal injection of 600 mg. per kg. of potassium chloride 
solution. The electrocardiographic abnormalities increased in spite 
of a slight decrease in the blood potassium level after the first ninety 
minutes. 

5. Cat 3752. — Sublethal closes of potassium chloride produced trans- 
ient electrocardiographic changes. Injection of 400 mg. per kg.' 
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produced intraventricular and auricula ventricular block and ventricu- 
lar tachycardia, with a return to normal four hours and fifteen min- 
utes after injection. Immediately after recovery, a second injection 
of 200 mg. per kilo caused a rise of 8.1 mg. per cent in the blood potas- 
sium level, which was associated with partial auriculo ventricular 
block and minor T-wave valuations. 
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6. Cat 3755. — Injection o£ 600 mg. per kg. of potassium chloride 
solution caused intraventricular and partial auriculoventricular block, 
followed by complete auricular standstill and periods of ventricular 
fibrillation, tachycardia, and taehysystole. Recovery followed intra- 
muscular injection of 10 c.e., and intracavdiae. injections of 20 e.c., of 
adrenal cortical extract (Parke, Davis, and Company). 

7. Cat 3754. — After the appearance of auriculoventricular and intra- 
ventricular block caused by injecting 600 mg. of potassium chloride 
solution per kg., 500 c.e. of physiologic saline were administered 
intraperitoneally. This was followed by a return almost to normal of 
both the blood potassium level and the electrocardiogram in less than 
two hours after the potassium chloride had been injected. 



Fig. 4. — Cat 3755. Only Lend II Is shown. After administration of GOO mg. of 
potassium chloride solution per kilo, intraventricular block, partial auriculoventricular 
block, ventricular tachycardia, irregular ventricular taehysystole. auricular standstill, 
and the final return to normal arc shown. Tills animal received 10 c.c. of cschatin 
one hour after the potassium chloride injection, and another 10 c.c. sixty-five minutes 
later, but with questionable benefit. The tracings, in order, show control. 25, 40, 5i. 
G3, 70, 91, 129, 140, 135 minutes, and 1 week utter potassium chloride. The _npproxi- 
mate corresponding blood potassium levels arc 23.7, 40.4, 44.1, 45.4, 4G.0, 45.1, 4S.0, 
44. G, 43.7, and 29. S mg. per cent. 

8. Cat S-7. — As a control, 27 c.c. of 10 per cent sodium chloride 
solution (600 mg. per kg.) were injected intraperitoneally. Records 
taken at half-hour intervals showed no change other than a slight 
acceleration in rate. The blood potassium level stayed practically 
constant, varying only between 21.7 and 20.7 mg. per cent. 

The relation of potassium administration to changes in the electro- 
cardiogram may he summarized as follows : 

Heart Rate . — The effect on the rate was inconstant before A-V block 
(slowing), or ventricular tachycardia, or sinoauricular tachycardia ap- 
peared. Early variations in rate could have been caused by nervous 
excitement. 
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P flW-Tb* P waves decreased in a T<^ 

from 36.4 to 90.2 mg. per cent. 



Fig:. 5 — Cat 3754. Tracings A to F shop,’ reversal of T waves and development 
of intraventricular and partial aurlculoventricular block and ventricular tnchv- 
systole after injection of COO mg. of potassium chloride solution per kilo. Fifty minutes 
after the potassium chloride administration, an Intraperitoncal infusion of GOO c.c of 
physiologic saline was started. Tracings F to I show a fairiv rapid subsequent re- 
covery. In order, the records show: control, 8, 20, 30, 45, G3, SO, 04, and 110 minutes 
and J, 1 week after potassium chloride. The approximate corresponding blood potas- 
sium levels are: 23.9, 31.0, 35.5, 3C.4, 40.2, 93.3, 37.0, 3C.1, 33.1, and 2G.9 mg. per 100 nil. 


P-22 Interval . — Partial A -V block occurred in all the experiments. 
It was first observed when the blood potassium level ranged from ap- 
proximately 30.7 to 66 mg. per cent, with an average of about 45 mg. 
per cent. In tlie four recovery experiments it disappeared at varying 
levels, either higher or lower than that at which it was first observed. 
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QRS Complexes . — The voltage of QKS heeamc lower in three experi- 
ments and higher in two, in the early singes of poisoning before intra- 
ventricular block appeared. The blood potassium content at the time of 
the changes in voltage ranged from 30.7 to approximately 44 mg. per 
cent. Intraventricular block was observed in all the experiments, ap- 
pearing with a blood potassium range of approximately 31 to 55 mg. 
per cent, averaging about 42 mg. per cent. 

T Waves . — Flattening or inversion of 1 lie T waves (especially in 
Leads II and III) occurred in four experiments before the appearance 
of intraventricular block. In these animals the blood potassium ranged 
from 2S.5 to approximately 44 mg. per cent, with an average of about 
36 mg. per cent. Marked T-wave changes eventually occurred, as 
would be expected with t lie appearance of intraventricular block. Ven- 
tricular standstill, or so-called ventricular fibrillation, 4 was observed 
in four experiments, the blood potassium ranging from 55.3 to 109.7 
mg. per cent. Ventricular tachysystole was observed in four experi- 
ments, with blood potassium levels varying from 40.2 to approximately 
57 mg. per cent. 

COMMENT 


Our results confirm the findings of Wiggers 11 and 'Winkler, et al.,"‘ 
in respect to the abnormalities in the electrocardiogram following 
potassium administration. They extend the observation that many 
of the changes may be reversed. 

The sequence of the various electrocardiographic abnormalities is 
fairly uniform in each experiment, as are the potassium changes. 
However, the relative elevation of blood potassium above the control 
level showed a less close relationship to the electrocardiographic 
changes in the different experiments than did the actual blood potas- 
sium level. Neither the dosage of potassium chloride nor the rapidity 
with which electrocardiographic changes occurred seemed to be ex- 
actly related to the potassium level at which the changes took place. 

The similarities between the abnormalities shown in our electro- 
cardiograms and those produced in muscle-strip preparations in which 
the potassium content of the perfusion fluid was the only vari- 
able 12 bi c ’ d ’ 0 suggest that our electrocardiographic changes may well 
have been due chiefly to hyperpotassemia. The actual responsibility 
of potassium for the changes in the electrocardiograms can only be 
estimated, with our present knowledge, since changes in the con- 
centration of other ions during hyperpotassemia may play an impor- 
tant part. Blood concentration per se is probably not important, as 
we found no relationship between blood specific gravity and electro- 
cardiographic changes in five of our experiments. 

The blood potassium levels reported in the present experiments are 
not purely of pharmacologic interest, since equally high levels have been 
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found in cats after the experimental production of intestinal obstruc- 
tion, 13 intestinal fistulae, 14 shock, 15 and adrenal insufficiency. n ’ ’ 
In the last-named syndrome, Nicholson and Softer 1 ' noted slowing of t e 
heart rate and auricular fibrillation in eight adrenaleetomized dogs 
whose blood potassium levels were elevated. In two of the animals, 
normal rhythm was restored after the administration of 200 c.c. of 
physiologic salt solution. 

In certain clinical conditions, changes in the electrocardiogram may 
be occasioned by potassium release from damaged cells, especially if 
the general condition of the individual be poor. Unpublished observa- 
tions by Chamberlain, and a report of a case of intestinal obstruc- 
tion by Scudder, Zwemer, and Whipple 18 would indicate that this is 
true. 

Addendum 

Since this paper was written, two papers have appeared calling attention to 
changes in the electrocardiogram in adrenal insufficiency concomitant with elevations 
in serum potassium. Hall, G. E., and Cleghorn, I?. A.: Cardiac Lesions in Adrenal 
Insufficiency, C. M. A. J. 39: 126, 1938. Thompson, W. A. It.: Potassium and the 
T Wave of the Electrocardiogram, Lancet. 1: SOS, 1939. 

CONCLUSIONS 

1. Experimental increases in the blood potassium content in the cat 
are associated with abnormalities in the electrocardiogram. 

2. In order of appearance, the usual changes are: lowering or in- 
version of T waves, decrease or increase of QRS voltage, auriculo- 
ventricular and intraventricular block, auricular standstill or auricu- 
lar fibrillation, ventricular tachycardia or tachysystole, ventricular 
fibrillation, and ventricular standstill. 

3. The electrocardiographic abnormalities are reversible, and parallel 
roughly the return of the blood potassium content to normal when a 
sublethal dose is given, or following the administration of physiologic 
saline or adrenal cortex extract. 

4. The potassium levels at the time electrocardiographic changes 
appear vary in different cats. This suggests that factors other than 
blood potassium may also he important. 

5. Potassium administration produces marked abnormalities in the 
electrocardiogram when the blood potassium content is considerably 
below the level reached in experimental adrenal insufficiency, intes- 
tinal obstruction, or intestinal fistula. 
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ruptured popliteal aneurysm 

Report op Four Cases 

Wallace M. Yateb, M.D. 

Washington, D. C. 

x TEXT to the arch of the aorta, the popliteal artery is the vessel most 
IN commonly the site of. aneurysm. In contradistinction to the aorta, 
it. is readily accessible to surgical treatment. Syphilis and arterio- 
sclerosis arc the common etiologic agents of the non traumatic iarict> 
of aneurysm. Trauma or strain may cause aneurysm due 1o either agent 
to rupture. The factor precipitating the rupture may have been so 
trivial as to have been unrecognized or forgotten. The rupture may 
thus appear to have been spontaneous, as with aneurysm of the aorta. 
The popliteal artery is situated at a point where it. is subjected re- 
peatedly to severe strain, especially in laborers. This fact probably ac- 
counts for the predilection of aneurysm for this artery, and for the 
frequent ruptures. When rupture, cither of a pathologically weakened 
artery or of a normal one, occurs as the result of a penetrating wound, 
a false aneurysm forms. This consists of a blood clot without walls other 
than the surrounding muscles and fascia. The four cases to be reported 
illustrate many of the important points in the diagnosis, and how the 
circulation becomes re-established, when rupture of a peripheral artery, 
such as the popliteal, occurs. 


REPORT OF CASES 


Case 1. — This case was first reported in 1930. The patient, At. At., a negro 
laborer, aged 49 years, entered Gallinger Alunicipal Hospital for the first time on 
June 20, 1935, complaining of pain and swelling of the right, leg. About one month 
previously this leg had been struck behind the knee by a falling tub. Prior to that 
time he had not been aware of any trouble in the leg. The injury did not disturb 
him much at the time, but fairly rapidly a swelling developed in the popliteal fossa 
and became moderately painful. In a few days the whole leg became swollen and 
painful. The swelling subsided gradually to about half of its maximum. The 
patient had had a penile lesion at the age of 20’ years and gonorrheal urethritis 
later, and two years before he had been told that he lmd high blood pressure. Phys- 
ical examination revealed, besides the changes in the leg, some dental caries, a few 
subcrepitant rales at the bases of the lungs, more than moderate enlargement of 
the heart, a loud systolic prccordial murmur, and a blood pressure of 150/100. In 
the right popliteal region there was a slightly expansile tumor which projected about 
5 cm. posteriorly. It was firm and immovable, and a soft systolic murmur was audible 
directly over it. The foot and ankle were moderately edematous. The Kahn jest 
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on flic blood was negative on three oeeasions. Other laboratory tests showed nothing 
abnormal. Hospitalization lasted three weeks. The temperature and pulse rate were 
normal, and the condition of the right leg did not change. The patient refused op- 
eration and returned home. The diagnosis was aneurysm of the right popliteal artery. 

He returned Oct. 21, 1035. The whole right leg. below the middle of the thigh, 
had become much larger, was semi flexed at the knee, and could not be straightened. 
Walking was impossible. The greatest swelling was in the popliteal space. Here 
there was a small fluctuant area. A small needle was inserted in this region, and 
blood was easily aspirated. The systolic bruit was still audible. Tho leg felt 
warmer than the unaffected one. The mouth temperature was elevated less than a 
degree. Examination of the blood and other laboratory procedures showed nothing 
abnormal, including again the Kahn test on the blood. A roentgenogram of the 
chest revealed a somewhat dilated and tortuous aorta and that the heart was 
moderately enlarged and of the "aortic type.” 

Arteriograms were made by means of thorium dioxide sol (Thorofrast Hoyden). 
They showed that the femoral artery faded out just above the popliteal fossa. .Tust 
behind the knee joint there was a semilunar space filled with the contrast medium. 
This appeared to be peripherally located in the middle of a large, soft-tissue tumor. 
Rome distance lielow this both the anterior and posterior tibia] arteries were visible, 
together with some small branches. 

On another day, thorium dioxide was injected into the femoral vein in a similar 
manner, and roentgenograms were made. As the vein passed the popliteal mass it 
appeared to be compressed peripherally, and below the mass it could not he followed 
very far. Some of the contrast medium previously injected still remained in the 
tumor. 

Tho case was considered to be one of a popliteal aneurysm too large to be 
treated except by amputation of the extremity. Consequently, on November 2, 
amputation was performed at the middle of the thigh. The postoperative course was 
uneventful, and the patient left the hospital on December 15 with the stump thor- 
oughly healed. 

The amputated extremity was carefully dissected to isolate the vessels and the 
aneurysm (Fig. ]). The popliteal artery and vein were followed distallv. They 
appeared to he normal. A short distance above the knee joint the continuity of 
the artery apparently ceased. Just below this point a large, dark blood clot, 
measuring about 30 by S by S cm., had formed and pushed the muscles posteriorly. 
The muscles were infiltrated with blood. After further dissection it was observed 
that there was a false sac about the clot, composed of. a layer of compressed 
coagulum, and that on one side there was a broad ribbon of fibrous tissue with a 
smooth inner surface. The latter was continuous with the popliteal artery, and 
about 5 cm. below the apparent end of this artery a lumen was found in the 
fibrous wall which was undoubtedly the lower orifice of the popliteal artery in 
the wall of a ruptured aneurysm. A hollow probe was inserted through this 
lumen and passed down the remaining 7 cm. of the popliteal artery into the 
anterior tibial artery. The branching of the popliteal artery occurred about 2 
cm. below the aneurysmal sac. The popliteal vein was compressed by the side 
of the artery external to the aneurysmal sac. 

Microscopic sections were made through the popliteal artery and through 
various parts of the wall of the ruptured aneurysmal sac, including one across 
the lower portion of the popliteal artery and vein. These did not reveal any 
definite evidence of syphilis. The popliteal artery was only moderately athero- 
sclerotic. The wall of the aneurysm was composed of hyaline connective tissue, 
and sections stained with acid orcein showed interrupted narrow bands of frag- 
mented elastic tissue nearer the inner surface of the wall of the sac. The section 
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through the lower portion of the popliteal artery and vein showed moderate 
atherosclerosis of these vessels. The artery lay just within the wall of the sac, 
the vein just lateral to it. 

The patient was seen again in the Outpatient Department in January, 1936. 
The stump was in good condition, but the patient was not feeling well. A large, 
reniform mass was palpated in the right flank. He entered the hospital three 
weeks later, but before a definite diagnosis could be made he died of some cerebral 
complication. 



^ h CaSe 1- The rUPtUr6d anemysm ’ rtisse clea after amputation. 
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Examination showed nothing of importance except a tremendous, fusiform, 
smooth, stony -hard swelling of the left calf (Pig. 2). This leg was several times 
larger than the other. The foot was moderately edematous, and the popliteal 
artery and vessels in the foot could not be felt to pulsate, apparently because of 
the edema. The skin was dry, roughened, and thick. Roentgenograms showed 
marked periosteal proliferation of the upper half of the tibia. Arteriograms 
were unsatisfactory. The blood Kahn reaction was moderately positive (2 plus). 

Amputation was performed in the lower third of the thigh, and the patient’s 
recovery was essentially uneventful. Dissection of the specimen showed that the 
swelling consisted of a tremendous blood clot, in the upper part of which the 
posterior tibial artery was found to terminate in a dilated portion which was 
continuous with a false sheath over the clot. The vessel was found again about 
15 centimeters lower down. The anterior tibial artery was traced through the 
edge of the clot. Microscopic sections through the posterior tibial artery showed 
extensive degenerative changes of a nonspecific nature through the entire wall, 
and a little thickening of the intima. 



Pig. 2, Case 2. — Tremendous enlargement of left calf. 

The surgeons had considered that this was probably a case of sarcoma. 
Arteriograms would have enabled us to make a correct diagnosis. As a matter 
of fact, ruptured aneurysm was thought of, but was not considered seriously be- 
cause of the stony hardness of the tumor. However, the shape of the enlarge- 
ment was more consistent with this diagnosis. It is astounding that there were 
no serious trophic changes in the extremity caused by compression of the arteries, 
and only moderate edema from compression of the veins. 

Case 3 . — E. B., a negro laborer 35 years of age, entered Georgetown University 
Hospital Feb. 15, 1938, because of a painful swelling in the left popliteal region. 
For about five months before admission the left leg and foot had been moderately 
swollen. The swelling practically disappeared each night. About five weeks before 
admission a moderately painful "lump” appeared in the left popliteal region. 
The patient claimed that at first he was able to rub this localized swelling away, 
but for two weeks it had been growing larger. There was no history of injury 
of any kind. He had had a penile chancre seven years before, for which a course 
of treatment had been received at that time. 
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Physical examination showed nothing important except a rounded, somewhat 
tender, fluctuant, firm, pulsating mass in the lower part of the left popliteal 
region, about the size of a large lemon. A systolic thrill and bruit wore present 
directly over the mass. Arterial blood was aspirated from it. Just proximal to 
the mass there were two, small, tender nodules that felt like enlarged, inflamed 
lymph nodes. There was slight edema of the leg and foot. Arterial blood 
pressure measurements on various occasions showed relatively little dilforencc 
between the two thighs. The pulsations of the left dorsalis pedis artery were very 
feeble, and those of the posterior tibial artery could not be felt. There were 
no trophic changes, and the left leg felt warmer than the right, especially over 
the mass. The blood Wassermann and Ivalin reactions were strongly positive 
(4 plus). 



-f a. 
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Pis. 3, Case 3. — Preoperative arteriogram. 

FIS. 4, Case 3. Exact line drawing of arteriogram made live weeks after operation. 
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gressing from ten minutes to one-lialf hour. During this time the mass became a 
little larger and firmer, and its pulsations feebler. Blood which was aspirated 
was darker than originally, but was under good pressure. The oral temperature 
was normal except on two days, when it rose to 100° F. 

On March 19, 193S, operation was performed by Dr. Fred Sanderson. An in- 
cision was made over the mass and a false sac exposed. The popliteal vessels 
were found to be displaced medially. These vessels Avere isolated and ligated 
proximal to the mass, after which the mass was incised and found to be a large 
blood clot, which was removed. It was not considered advisable to attempt to 
dissect the popliteal artery in order to find the point of rupture, but a portion 
of the artery distal to the point of ligation was removed, and the incision ay as 
closed. Recovery Avas entirely uneventful. The patient left the hospital just 
tAvo weeks after the operation. 



Fig. 5, Case 3. — Cross section of excised portion of popliteal artery, magnified 3G 

times. 

Within a few days pulsations Avere found to be stronger in the left dorsalis 
pedis artery and were again felt in the posterior tibial artery. Five weeks after 
the operation other arteriograms were made. These showed that a remarkable 
collateral circulation had been established, bridging the gap in the popliteal 
artery and maintaining blood flow through the main arterial pathways (Fig. 4). 
In the distal part of the popliteal artery there Avas an eccentrically narrowed 
portion which probably indicated localized disease of the vessel. 

Microscopic sections of the excised portion of the popliteal artery showed 
extenswe fibrous replacement of the media (Fig. 5). On one side of the wall 
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there was very little muscle left; on the other side there was destruction of 
about 50 per cent of the muscle. The greater part of the lumen was filled by 
light, fibrous, in general sparsely cellular tissue containing practically no blood 
vessels. This tissue had apparently resulted mainly from proliferation of the 
intima, rather than from thrombosis within the lumen, although there was a 
thrombus intimately associated with the free margin. The internal elastic 
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This was first noticed about Jan. 1, 1938, and had gradually become larger until 
it had attained the size of an orange. He felt it throb with each beat of the 
heart. The leg could not be extended completely. He had gone to the outpatient 
clinic of another hospital because of the swelling, and had been given five in- 
jections "for his blood” without apparent effect. He had had a penile lesion 
15 years before, and had received five injections at that time. Approximately 
at the same time he had be.en cut on the medial aspect of the right knee with a 
crosscut saw, but recovered promptly, and the scar was now well above the 
knee and in no relation to the swelling. No other injury had been sustained. 



Fig. S, Case 4. — Exact line drawing of arteriogram made three weeks after operation. 

Physical examination showed nothing of interest except for the right leg. 
A rounded, pulsating mass was present in the popliteal space (Fig. 6), over which 
a systolic murmur was audible. There were no trophic changes and no edema. 
The dorsalis pedis and posterior tibial vessels were pulsating feebly. The blood 
Kahn reaction was strongly positive (4 plus). Arteriograms showed definitely 
that the popliteal artery had ruptured (Fig. 7). It came to a point in the upper 
part of the popliteal space ; directly behind the knee joint there was a jagged 
opacity caused by escape of thorotrast, but adjacent to this the popliteal artery 
was visible again. A fair number of small collateral arteries were present. 

Antisyphilitic treatment and intermittent occlusion of the femoral artery 
were instituted in preparation for operation. An irregular fever of 1° to 2° F. 
occurred almost daily. The swelling became larger and more painful, and the 
leg became somewhat edematous. 
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Operation was performed on Maj' 3, 193S, by Dr. Charles S. White. A large 
clot was removed from the popliteal fossa, after which the artery was exposed. 
A small, ruptured aneurysm, less than 2 cm. in diameter, was found, this was 
resected. • 

Unfortunately, after the operation there was evidence that the popliteal nerve 
had been injured, although care had been exercised to avoid it. In a feu da\ s 
dry gangrene appeared in the first and fifth toes. The patient’s temperature 
rvas normal for three weeks, but the wound became infected and the temperature 
rose to 103° and 104° F. On June 21 the leg was amputated in the middle of the 
thigh. The temperature gradually returned to normal, and the stump healed. 



Pis'- 9, Case i.~ Longitudinal section of the ruptured 

fibers with acid orcein. 


aneurysm. 


stained 


for 


elastic 


Before the amputation, three weeks after tlm . 

again made (Pip- 8 ) TJipqo i i potation, artenognuns were 

popliteal artery was maintained below the knee. ‘ °" - 

■ Microscopic sections were made transversely throng u 

” b “ tos of th * iiz i :zz 



480 


THE AMERICAN HEART JOURNAL 


typo of connective tissue containing fibroblasts; in somo places this tissue had 
changed into a denso hyaline substance. The internal elastic lamina was mod- 
erately fragmented, but, as a rule, could be traced (Fig. 9). The muscle fibers 
of the media were separated moderately by fibrous tissue, and in somo portions 
thoro ivns considerable infiltration of the media by lymphocytes. The adventitia 
was composed of dense fibrous tissue containing a few lymphocytes. The 
popliteal vein was affected in the same way as the artery, but even more so. 
Its lumen was filled with a clot which was undergoing organization along one 
side. Two, smaller, medium-sized vessels nearby were so changed as to make it 
almost impossible to tell whether they were nrlories or veins, but one was evi- 
dently a branch of the popliteal artery, and the other was probably a vein. Their 
lumens were practically occluded by subintimal thickening, and their muscular 
coats w'ere greatly disrupted. The connective tissue between and around the 
vessels was dense fibrous tissue containing scattered lymphocytes, most numerous 
in the vicinity of arterioles. In some areas there were considerable collections 
of erythrocytes. Close to the artery there was a collection of lymphocytes and 
plasma cells suggestive of a gumma, but nowhere was there the typical peri- 
vascular lymphocytic infiltration of the small vessels such as one sees usually in 
syphilitic vascular disease. As the aneurysm was approached from cither direc- 
tion, the artery became more abnormal, its media being almost entirely replaced 
by fibrous tissue. The wall of the aneurysm itself was composed of fibrous tissue. 
Some strands of clastic tissue were imbedded in the wall and constituted the 
only evidence that this had once been the wall of an artery. These clastic tissue 
strands were more or less continuous with the internal and external elastic 
lamina of the artery. 

DISCUSSION 

The diagnosis of popliteal aneurysm itself is usually not difficult. 
The presence of a rounded, pulsating, fluctuant mass, with a localized 
systolic bruit, is always suggestive. In every doubtful case a medium- 
sized aspirating needle should be inserted to ascertain the nature of 
the contents of the mass. The diagnosis of rupture of a popliteal 
aneurysm may not be so easy. When there is a history of a rather 
rapidly growing swelling, with or without a previous injury, this con- 
dition should be thought of. The mass may or may not pulsate. In- 
sertion of an aspirating needle often, but not always, allows the with- 
drawal of blood or bloody serum. The vessels in the foot often can- 
not be felt to pulsate. In long-standing cases, such as Case 2, par- 
ticularly, when the mass has grown large and hard, the diagnosis is 
most difficult. In doubtful cases arteriography should settle the point. 
The arterial shadow will end at the site of rupture, and an opacity in 
the soft tissues will often be seen, indicating escape of contrast 
medium from the artery. There may be shadows of the tibial arteries 
at a lower point. In cases of simple aneurysm, arteriograms show no 
break in continuity and no seepage, although two, or even three, serial 
films may be necessary to show that blood is flowing through the 
aneurysm. 

Alt hough it may -be advisable to try to promote the development of 
a collateral circulation prior to operation, it is probably wrong to de- 
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lay operation if the mass is painful and growing rapidly. Apparently, 
all that is necessary is to remove the clot and to ligate the ar crj 
and vein proximal to the point of rupture. Whether a section of the 
artery should be excised is questionable. In general, the less that is at- 
tempted the better the outcome. In Case 3 this procedure was fo - 
lowed, with excellent results. In Case 4 the aneurysm was removed 
with considerable difficulty, and the nerve was accidentally injured. 
It is not necessary to ligate the vessel distal to the point, of rupture. 
The question of flic advisability of trying to save the limb when the 
mass has attained a large size and become hard may be raised. Un- 
fortunately, this was not done in Cases 1 and 2. There does not. seem 
to be any reason, however, why the attempt should not be made. If 
there are no serious trophic changes, there is apparently no way of 
predicting the outcome. 

Of particular interest is the subject of establishment of a collateral 
circulation. In Cases 1 and 4 t lie main arteries below the site oi rup- 
ture were definitely functioning before the operation, as shown by 
the arteriograms. The question is whether the blood reached these 
vessels entirely or largely by means of collaterals, or whether it seeped 
around or through the hematoma to enter the open arteries below. 
The latter may be the ease, since it took longer for the contrast 
medium to appear in the distal arteries than it should have if it. had 
reached them by collaterals. It is possible, however, that, the pressure 
of the hematoma on small collateral vessels may have slowed the pas- 
sage of blood through them. In Cases 3 and 4, in which arteriograms 
were again made, five and three weeks after operation, respectively, 
there was remarkable bridging of the popliteal arterial defect by 
numerous collateral vessels, so that the functional integrity of the 
large artery was maintained. At this time, however, the thorotrast 


entered the distal part of the artery rapidly, apparently as quickly as 
if the vessel had been uninterrupted. Tin's method of bridging of de- 
fects of large arteries is probably a common one. 1 Apparently, the 
prevalent idea that a clot usually forms in an artery distal to an area 
of occlusion is incorrect. Often the vessels remain open and continue 
to function because of the collateral channels. 

Pathologically, the lesions in all four cases were nonspecific. All 
four men had had chancres, and the serologic tests for syphilis were still 
positive in three. This fact docs not prove that the arterial lesions were 
of a syphilitic nature. However, in view of all the circumstances, it, ap- 
peals probable that the degenerative changes were the result of 
syphilitic arteritis. It may be that syphilis can produce lesions of 
arteries other than those usually described as syphilitic. 

Definite trauma had occurred in only one of the four cases This 
a blow on the popliteal fossa, appeared to be the eapse of (he rapture 
In the other eases the rupture was apparently spontaneous 
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SUMMARY AND CONCLUSIONS 

The popliteal artery is a relatively frequent site for aneurysm. Be- 
cause of their location, rupture of such aneurysms is comparatively 
common. This occurs as the result of trivial or unnoticed trauma. 

Ruptured popliteal aneurysm should be suspected in any case of 
progressive and, especially, pulsatile swelling in the popliteal region. 
Aspiration aids in the diagnosis, but arteriograms are necessary in 
doubtful cases. 

In the four cases reported, pathologic study revealed severe de- 
generative changes of a nonspecific nature in the artery. All of the 
patients had syphilis. 
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T HE diastolic murmurs of aortic insufficiency are usually soft and 
blowing in quality, but occasionally they may be strikingly musi- 
cal and very loud. Their musical quality is suggested by the various 
descriptive terms that have been applied to them: “cooing of a 
dove/’ “buzzing of a saw,” “like a cuckoo clock,” “humming of a 
top,” etc. It is also shown by recorded hearl sounds in which the 
vibrations are very rapid and regular (Fig. 1). 1 heir intensity is 

indicated by the fact that the murmurs are often audible to the pa- 
tient himself and, not. infrequently, to the unaided ear of the examiner 


at some distance from the patient. 

These loud, musical, diastolic murmurs have interested clinicians 
and pathologists for more than one hundred years. So far as we can 
discover, they were first fully discussed by Hodgkin, 1 who attributed 
them to retroversion of an aortic leaflet. Recent observers, with one 
exception, 2 have largely discarded this and other old explanations and 
have come to regard a ruptured or torn leaflet as practically the only, 
or at least the usual, cause of these murmurs. In eleven current text- 
books, this is the only explanation advanced; in only one 2 is retrover- 
sion mentioned. We have recently had the opportunity of studying 
eleven patients who presented these unusual signs and have come to 
the conclusion that although a rupture or tearing away of a valve 
leaflet from its commissural attachment can produce these murmurs, 
this lesion is rare; and that the distinction of being the commonest 
cause should be accorded to the lesion first clearly described by 
TIodgkin, 1 and recently again referred 1o by Scott, 2 namely, retro- 
version or eversion of a valve leaflet/ 
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The literature dealing- with ruptured aortic valves was reviewed by 
Howard 3 as recently as 1928 and will not be further discussed. We 
wish to cite certain other papers dealing mainly with other causes of 
musical diastolic murmurs. 
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As we have indicated, the earliest complete discussion of these mur- 
murs that we have discovered is contained in a paper written by 
Hodgkin in 1829 in which these loud diastolic murmurs are referred 
to as the “Bruit de scie, ” and likened to the “cooing of a dove/' A 
necropsy study in one case revealed retroversion of one or two aortic 
valve leaflets, which was accepted as the cause of the murmur. In 
this paper, Hodgkin gave credit to Key for first pointing out this 
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lesion and its significance in 1827. Elliotson, 1 in 1830, stated that he 
convinced Hodgkin that Bevtiiv' had first described retroversion. 
Neither Berlin nor Elliotson, as far as we can determine, definitely 
associated retroversion with musical aortic diastolic murmurs as 
Hodgkin did ; Elliotson, however, did describe very loud musical mur- 
murs “exactly resembling the cooing of a dove,” but he attributed 
them to mitral lesions. 

Hope, 0 in 1842, felt that loud musical murmurs were not uncommon. 
He found them associated both with aortic insufficiency and mitral 
lesions. Peacock,' in 1854, described a very loud, musical, diastolic 
murmur in a man 65 years old, which “exactly resembled the sound 
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to cribriform aortic valves (one ease) and an atheromatous prolonga- 
tion more than an inch in length, which, stretching up into the aorta, 
“must have vibrated like the tongue of a Jew’s harp” (one case). 

More recently, Wilson and Jamieson 11 (1918) studied clinically 
three eases of loud, musical, aortic diastolic murmurs. Two patients 
gave histories of having been rendered unconscious by the explosions 
of shells; but, since the murmurs did not become audible until a con- 
siderable time later, it was impossible to connect the accidents with 
the valve lesions. In neither ease was there any history or evidence 



Fig. 3. — Longitudinal section through aortic leaflet, "which is everted (from Case 4). 
The leaflet is typically everted. Note interruption of the ventricularis elastica ana 
eventual total destruction at point of eversion. V.E., ventricularis elastica ; X., loss or 
elastica in thickened everted leaflet ; A. f postinflammatory scar tissue. (The fibrosa is 
irregularly thickened. ) 

of organic disease which might have weakened the valve. The third 
patient became conscious of the murmur on the fourth day after being 
gassed with phosgene, but there was no history of injury or concus- 
sion. The valve lesion in this last case was considered by the authors 
to be of syphilitic origin. The murmurs were all sufficiently loud to 
be audible to the patients themselves and to the unaided ear of the 
examiner one to five feet from the chest wall. Since no necropsy 
examinations were made, no more definite causes of these murmurs 
could be established. 
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As we have already stated, Scott, alone of the recent authors, so 
far as we are aware, has attributed loud musical diastolic murmurs to 
retroversion of an aortic valve leaflet. He referred to this lesion and 
to rupture of a valve leaflet as causes of these murmurs. He did not 
emphasize, as we believe it deserves, that retroversion is the pre- 
dominant cause of these striking signs. 

Clinical and Necropsy Findings .— Of the eleven patients constituting 
our series, five were studied only in life ; six were studied both clinically 
and at necropsy. The essential findings are summarized in Table I. 
Some of the facts which require emphasis follow. 

The etiology of the aortic insufficiency in all of the necropsy cases 
was syphilis, for in all there were characteristic aortitis and sepaia- 
tion of the commissures. In four of the five patients studied only in 
life, syphilis seemed to us to be clearly the cause of the aortic insuffi- 
ciency. In the remaining patient, a boy 11 years of age, the murmur 
developed during a typical attack of rheumatic fever and was appar- 
ently the result of this disease. In the latter patient, bacterial endo- 
carditis was considered as an etiologic factor, but this appeared un- 
likely after three negative blood cultures and an afebrile course of 
2 months. 

In every necropsied patient, the right anterior aortic leaflet was 
retroverted; the posterior leaflet, as well, was retroverted in one 
(Case 5). 

The diastolic murmur in all instances was similar, in that it was 
musical and loud. Such descriptive terms as the “buzzing of a saw,” 
“cooing of a dove,” “humming of a top,” etc., qnile aptly describe 
the musical character of these murmurs. While loud, the murmurs 
were not audible at any distance from the chest wall except in one 
instance (Case 1), in which the patient’s bedfellow was considerably 
annoyed by the unusual and constant noise. The murmurs were, how- 
ever, audible to the patients themselves in four instances (Cases 1, 7, 
9, and 10). Incidentally, the intensity of the murmur does not neces- 
sarily determine whether it will be audible to the patient, for some 
of the loudest murmurs (to the examiner) were not audible to the 
patient, and vice versa. 


All eleven patients presented marked diastolic thrills. These were 
of maximum intensity in the second right intercostal space in all but 
one instance; in Case 5, the thrill could be felt only in the third left 
intercostal space. It may be of some importance that the posterior 
as well as the right anterior, leaflet was retroverted in this patient 
The peripheral signs in all instances indicated free aortic regurgita- 
tion In ten of the eleven cases, there were precordial pain, conges- 
tive heart failure, or both. The manifestations were those of severe 
heart disease, and this diagnosis was substantiated by the outcome 
for nine of the patients died while they were under observation in the 
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hospital. Death was sudden in several instances ; usually, however, it 
came after a rather prolonged period of cardiac failure which set in 
relatively soon after the murmur was discovered, either by the patient 
or by a physician. 

In a few instances the murmur developed suddenly during strenu- 
ous physical effort and was accompanied by severe pain and breath- 
lessness. In other instances the patient became aware of the murmur 
suddenly, but the development of symptoms, while not coming on with 
dramatic suddenness, followed shortly. 

DISCUSSION 

Carnes and Etiology of Loud, Musical, Diastolic Murmurs . — From 
the literature, it is apparent that a number of lesions of different etiolo- 
gies have at one time or another been thought to be causative of loud, 
musical, aortic diastolic murmurs. Our own observations lead us to 
feel that retroversion of the right anterior aortic valve leaflet, produced 
by syphilitic involvement, is by far the commonest cause of these 
murmurs, although occasionally some other valve lesion or a different 
etiologic agent may be responsible. Our reason for attributing to 
syphilis the predominant etiologic role lies in the fact that in only one 
instance have we so far found any other disease which might have 
been a factor. 

We are of the opinion that retroversion, rather than rupture or tear 
of a leaflet, is the usual cause of these striking murmurs, for these 
reasons: (1) In every patient with a loud, musical, diastolic murmur 
who came to necropsy, retroversion of the right anterior aortic leaflet 
was present and was the only constant valvular deformity that fur- 
nished a reasonable explanation of the unusual murmur ; (2) tear or 
rupture of a leaflet, generally accepted as the cause of loud, musical, 
diastolic murmurs at the present time, is, in our experience, a very 
rare lesion. From 1931 through 1936, 10,100 necropsies were per- 
formed at the Philadelphia General Hospital. Except when bacterial 
endocarditis was present, this material yielded only one example of a 
torn or ruptured aortic leaflet; the valve leaflet showing this lesion 
was also retroverted. 

It is to be noted that the murmurs in om’ patients, while sufficiently 
loud to dominate all other auscultatory findings, were not as intense 
as some that have been described, because they were not audible at 
a distance from the patient. It occurs to us that very loud murmurs, 
such as those described by Wilson and Jamieson, 11 for instance, may 
be the result of some lesion other than retroversion, possibly a torn 
or ruptured valve leaflet. Our material furnishes no definite data 
concerning the very loud basal diastolic murmurs. It does indicate, 
however, that moderately loud, distinctly musical diastolic murmurs 
have as their predominant cause retroversion of a syphilitic aortic 
valve leaflet. 
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Mechanism of Retroversion . — We have had an opportunity of study- 
ing- histologically only two retroverted valves. There were two changes 
present in both which probably contribute to the development of retro- 
version. The first was the characteristic separation of the commis- 
sures, which might promote retroversion by permitting the free edge 
of the leaflet to sag and thus become more susceptible to the regurgi- 
tant column of blood. The second was a change in the fibrosa, with 
loss of the compactly arranged collagen fibers and thickening of the 
leaflet by inflammatory tissue (Pig. 4). While it is not improbable 
that both of these alterations may contribute to retroversion and 
may even be necessary preliminary changes, it seems doubtful if these 
lesions alone alwaj-s produce the deformity, for we see both changes 
in uneverted syphilitic valves, although it is our impression that the 
fibrosal lesions were more marked in the two retroverted valves which 
we have had an opportunity of studying histologically than in un- 
everted leaflets (Pigs. 3 and 4). 
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of retroverted leaflets parallel to the free margin ■ he suggested that 
this might produce •eversion by acting in a sense as a fulcrum, over 
which the free edge of the leaflet, distal to the fibrous band, might be 
bent backward toward the left ventricular cavity by the regurgitant 
column of blood. In some of our eases there was such a dense fibrous 
band. In others, although the band was present, it was not dense or 
tight and looked as if it might have been caused by a heaping up or 
wrinkling of the endocardium which developed secondary to, and not 
preceding, the retroversion. Other examples, notably in the two cases in 
which the leaflets were studied histologically (Fig. 3). showed no trace 
of a longitudinal fibrous band. 

We wish to suggest another possible factor that may contribute to 
retroversion, namely, loss of the support normally furnished by the 
elastica. In normal aortic valve leaflets, the elastica can be traced in 
an unbroken line from the upper part of the left ventricle almost to 
the free margin of the leaflets. It lines the entire undersurface of the 
leaflet and is firmly attached at the commissures, thus forming a sort 
of sling which supports the leaflets and probably aids in maintaining 
their normal shape and contour. In the uneverted syphilitic valves 
that we have seen histologically, the elastica was still largely intact 
(Fig. 4) ; in the two retroverted leaflets studied histologically, the 
elastica was entirely absent (Fig. 3). Since we have studied only two 
retroverted leaflets histologically, we. of course, cannot say that the 
elastica is always destroyed in retroverted leaflets. We can say that 
it may be, and that, when it is absent, a leaflet will have lost one of 
the structures that probably aids in maintaining its normal structure. 

We do not wish to draw any conclusions as to the mechanism of 
retroversion from such meager material, except to say that it seems 
not unlikely that a number of factors may contribute. We have intro- 
duced this somewhat hypothetical discussion mainly to point out the 
destruction of the elastica in the two eases studied histologically. 

i SUMMARY AND CONCLUSIONS 

1. The diastolic murmur of aortic insufficiency may have a strikingly 
musical quality and may be quite loud. The report of a series of eleven 
patients* with such unusual murmurs is presented and discussed. 

2. In the six patients who came to necropsy, syphilis was the cause 
of the aortic insufficiency. In five of the remaining patients, the 
clinical etiologic diagnosis was also syphilis. In one patient, a boy 11 
years of age, the etiology was rheumatic fever. 

3. Retroversion of the right anterior aortic valve leaflet, rather 
than the usually assigned cause, i.e., rupture or tear of an aortic 

•Since the original series of 11 patients was collected, 3 additional patients presenting 
loud, musical, diastolic murmurs have been studied both clinically and at necropsy. All 
three showed syphilitic aortic insufficiency with retroversion of the right anterior valve 
leaflet. 
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leaflet, is cniphnsizeil ns the eommmn'st must' of hmd, nmsieul, north' 
diastolic murmurs. This lesion, first suffi'ested us a cause by Hodgkin, 
in 3829. was present in the six patients of our series who emue to 
necropsy.* 

4. The median ism by which retroversion is produced is discussed. 

We wish to express our great appreciation t<» the chief* upon whose services 
these patients were studied. and to the |»r»t h*»l«»ni •*! s who performed the neeropMe*. 
for permission to report ttie.se observations. 
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QUINIDINE IN THE TREATMENT OF BENIGN AURICULAR 
FIBRILLATION WITH REPEATED EMBOLI* 

Report of a Case 

Maurice Sokoi.ow, M.D. 

Sax Francisco, Calif. 

T HE indications and contraindications for the use of quinidine in 
auricular fibrillation have been subjected to several changes since 
the drug was first introduced, in 1918. The present position is perhaps 
most representatively stated by White. 1 who considers the patient with 
auricular fibrillation a possible candidate for quinidine therapy if he 
has no congestive failure, serious heart disease, or history of embolism. 
Kerr 2 adds that the drug should not be used if the underlying condi- 
tion is such that restoration of normal rhythm would not improve the 
condition of the patient. 

Recently, we have had a patient with chronic auricular fibrillation 
of uncertain etiology, whose only symptoms were those of repeated 
emboli. The question arose whether quinidine should be used to con- 
vert the rhythm to normal, with the idea of preventing subsequent 
emboli. The chances of a subsequent disabling or fatal embolus with 
the conservative treatment which was being employed were weighed 
against the chances entailed in the conversion to normal rhythm with 
quinidine. Three emboli in the systemic circuit had occurred within 
five weeks, two of them when the patient was at rest in bed, with no 
evidence of cardiac failure, and with a well-controlled ventricular rate 
(digitalis). It was, therefore, deemed justifiable to attempt to elimi- 
nate the auricular fibrillation. 

A review of the literature was made to evaluate the risk of quinidine 
therapy. It is fairly well established that the drug restores normal 
mechanism in about 60 to 65 per cent of the cases (Wolff and White, 3 
Campbell and Gordon, 4 Falir’)- and that the probabilities of success 
are greater in individuals with auricular fibrillation of short duration 
and little evidence of organic cardiac disease (Wolff and White, 
Campbell and Gordon 4 ). The degree of risk involved in attempting 
to convert the rhythm is not universally agreed upon, since this is 
likely to be interpreted in terms of the untoward results m one s own 
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experience. The early reports dealing with quinidme (Herrmann and 
Wilson 0 ) emphasized, the danger of embolism when the drug was used 
in auricular fibrillation. However, subsequent studies (Vilco, Marvin, 
and White, s Parkinson and Campbell," Levy , 10 Cookson 11 ) showed that 
embolic accidents were no more frequent with quinidinc than with 
digitalis therapy. Falir 5 states that the risk of embolism has been 
distinctly overemphasized. Apparently the frequency of such acci- 
dents, as well as sudden death, in the natural history of this arrhythmia 
has not been fully appreciated. Emboli do occasionally occur aftei 
quinidine therapy, and the chronologic relationship suggests the pos- 
sibility of cause and effect. In many cases, however, the relationship 
is not clear. 

The importance to be attached to previous emboli as a possible con- 
traindication to quinidine therapy has not been sufficiently evaluated. 
It is usually stated that such an occurrence is a contraindication. How- 
ever, there has been no clear evidence to show that the frequency of 
emboli following quinidine therapy is greater in patients with a his- 
tory of embolism. Instances in which quinidine was given without 
mishap to patients who previously had shown embolic phenomena are 
cited bj r Clark-Kennedy , 12 Oppenlieimer , 13 Campbell and Gordon , 4 and 
Parkinson and Campbell." The last-named authors were successful in 
restoring normal mechanism in a patient who had mitral stenosis, a 
large heart, and auricular fibrillation of five years’ duration, and had 
had three hemiplegic episodes within the preceding two years. Five 
years later the patient was well and vigorous, with a sinus rhythm. 
They point out that the return to sinus rhythm may prevent the cir- 
cumstances which lead to the formation of auricular thrombi. 


More important than the risk of embolism is the toxic action of 
quinidine on the myocardium. Sudden death has been reported with 
the use of the drug, but only rarely has the cause been embolic (Hay , 7 
Viko, et al ., 8 Parkinson and Campbell"). Korns 11 found that experi- 
mental quinidine poisoning resulted in death due to ventricular fibril- 
lation in dogs, and to standstill of the entire heart in guinea pigs. 
Kerr , 15 and also Davis and Sprague , 10 have described ventricular fibril- 
lation in patients following the use of quinidine. Wolff and White" 
noted auricular standstill, with a shift of the pacemaker to the A-Y 
node, in two patients after quinidine administration. Since the ven- 


tricle is also depressed by quinidine, they suggested that cardiac stand- 
still may have been the cause of some of the reported cases of sudden 
death. However, we have not been able to find any instance in which 
this was proved. Clark-Kennedy 12 noted the appearance of new car- 
diac symptoms or the aggravation of already existing ones in seven 
out of eight cases in which quinidine failed to restore normal rhythm, 
rhe fact that the few autopsies which have been performed in the 
cases of sudden death have rarely disclosed the cause of death favors 
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llie view that ventricular fibrillation or cardiac standstill may have 
been responsible. There is also the possibility of respiratory paralysis, 
which is the cause of death in eats (Gordon, Matton and Levine 17 ). 

Analysis of the literature indicates that the most serious risk with 
quinidine therapy is the myocardial toxicity of the drug, and that the 
danger of embolism, while real, has been overemphasized. The danger 
of serious myocardial poisoning in our patient was small, since he had 
no evidence of cardiac embarrassment and only slight enlargement of 
the heart. 

The risk of forming emboli seemed to he hut slightly greater than 
that, already present ; thus we felt that quinidine could be used pro- 
vided careful clinical and electrocardiographic control was observed 
during the treatment. The drug was given to restore normal rhythm 
and to eliminate the underlying factors which favored the formation 
of auricular thrombi. This was done successfully ; normal sinus rhythm 
was restored and maintained. No further emboli have occurred in 
eight months. 

CASE REPORT 

The patient, a 49-year-ol(l, white, married tailor, entered the Michael Reese Hos- 
pital on the service of Hr. Sidney Portis, .Tune 29, 393S, with acute embolism of the 
light brachial artery of forty-eight hours’ duration. He had suddenly developed 
pain in the center of the antecubital fossa, which had gradually increased in intensity 
and had been followed by coldness and cyanosis of the forearm. 

The patient first discovered that he had heart disease six years earlier, when a 
physician whom he consulted for an incidental complaint told him that his heart was 
irregular. During these years, the patient was seen twice on the surgical service, 
and both times auricular fibrillation was noted. There was a history of two episodes 
in the preceding three years which may have been embolic in nature. The first was 
characterized by sudden numbness, weakness, and paresthesias of both feet, especially 
the right, lasting thirty minutes. The second occurred a year before admission and 
was characterized by sudden dimness of vision, lasting ten minutes. Aside from 
these, the patient has had no symptoms of any nature which might be related to the 
cardiovascular system. Tie gave no history of rheumatic fever, hypertension, thyro- 
toxicosis, syphilis, or nephritis. 

On examination, the patient was of sthenic build, had an anxious expression, and 
complained of pain, coldness, and numbness in the upper right forearm. The only 
positive findings were those related to the embolus and to the cardiovascular system. 
Ophthalmoscopic examination showed arteriosclerotic vessels. There were no signs 
suggesting hyperthyroidism. The lungs were completely negative. A faint systolic 
murmur was heard both at the apex and base, loudest at the apex. No cardiac en- 
largement could be detected, and no diastolic murmurs were heard. The heartbeat 
was grossly irregular, with a ventricular rate of 110 per minute and a pulse deficit 
of 30. The blood pressure in the left arm was 130/S0. Neither the liver nor spleen 
was palpable. The lower extremities showed no edema, cyanosis, or clubbing. There 
were no petecliiae. 

The -right arm showed slight swelling and tenderness just below the bifurcation 
of the brachial artery, and the right forearm was cold and blue. The right radial 
pulse was not palpable. 
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Dr. S. Perlow found that both popliteal pulses wove lint faint y p.ilpuli’o a 
that neither the dorsalis pedis nor the posterior tibial pulse could lie felt in 
l eg . Buerger’s test was negative in both legs. The oseillo.netne. md.ces were nor- 
mal for both thighs, but were diminished in both legs. 

The urine was normal, and there was no anemia. The serologic reactions were 
negative. The nonprotein nitrogen and sugar content of the blood were normal, as 
was the basal metabolic rate. Repeated agglutination tests and three blood cultures 

were negative. 

A roentgenogram of the chest showed a slightly enlarged left ventricular shadow, 

with a contour of tile aortic type. The eardiotlioracic ratio was cm. The lungs 

were negative. Fluoroscopic examination confirmed these findings and showed mi 
enlargement of the pulmonary conus or the left auricle in the oblique views. The 
esophagus was not displaced. 

The electrocardiogram showed auricular fibrillation with a ventricular rate of 
100, left axis deviation, ventricular extrasystoles, an upright T, and T., and a 
small, inverted T r The chest leads were normal. 

The diagnosis rested between coronary sclerosis and rheumatic heart disease with 
mitral insuflieicncy or aortic stenosis. The sclerotic changes in the retina and in the 
lower extremities seemed to favor the former. 

The patient was put to bed and treated with papaverine; digitalis was used to 
slow the ventricular rate. The arm gradually improved, the tenderness lessened, and 
the color became more normal, but weakness of tlie grip persisted. A wool: after 
entry (July 9) he was awakened by sudden pain in the right, thigh, with numbness 
and coldness of the foot. The pulsation in the right femoral artery was markedly 
diminished, and the foot was cold and blue; it was thought that he had a small 
femoral embolus. These symptoms gradually abated, the femoral pulse returned to 
normal in a few days, and the patient was apparently doing well. A month later 
(August S) he developed identical symptoms and signs on the left side. These also 
subsided uneventfully, but the left femoral pulse only partially returned to normal. 

It was at this time that we decided to use quinidine. The ventricular rate was 
70 per minute, and the maintenance dose of digitalis was continued. After a test 
dose of quinidine to rule out idiosyncrasy to the drug, the dose was gradually in- 
creased until he received 0.4 gm. every four hours, day and night. On the second 
day on this dose, after a total of 12.0 gin. had been given, sinus rhythm returned 
(Aug. 25). He was kept in bed for three days, and the dose of quinidine was gradu- 
ally reduced to 0.2 gm. four times a day, for maintenance. 

Following the restoration of the normal rhythm, the faint systolic murmur pre- 
viously noted became much louder and harsher, but no diastolic component, could be 
heard. Teleoroentgenograms showed that the heart was smaller and normal in size 

and contour. The eardiotlioracic ratio at this time was — cm. No significant 

o3.0 

changes in blood pressure were noted. The electrocardiogram showed sinus rhythm 
with a P-R interval of 0.20 sec. and a rate of 0-1 per minute. The left, axis deviation 
previously seen was no longer present. S-T, and S-T. were slightly depressed, and 
S-T, (CF 4 ) was depressed. The T waves were upright in all leads.’ It was thought 
that these changes may have been due to quinidine. 

Since leaving the hospital, the patient has been seen frequently by his physician 
( r S. Perlow), who reports that he has remained well; he has had no symptoms of 

Zt'V ' " b " r “‘ “”<> "» «**. An eleetreeardiogran, ,„ kc „ j„ Milrd 

aUoU, showed sinus rhythm. ’ 

Tl» patient re-entered the hospital in May, ]!>:«, fc dyspnea, and neat 
Paroxysmal aur.enlar Abril, ation developed shortly after entry, birt ,1,1s “as 


ness. 
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abolished by increasing the dose of quinidine to 0.4 gm. four times a day. He died 
a week later, before a definite diagnosis had been made. Permission for an autopsy 
could not be obtained. 

DISCUSSION 

The striking feature of the ease was the fact that over a period of 
at least six years, during which auricular fibrillation was known to 
have been present, the only manifestations of cardiovascular disease, 
other than the arrhythmia (of which the patient was unaware), were 
repeated emboli. At least three, and possibly five, embolic accidents 
had occurred within the three years prior to entry; three occurred 
within five weeks of observation. Following the third embolus, it was 
felt that subsequent emboli, one of which might be serious or fatal, 
were not unlikely. A careful review of the literature suggested that 
the major risk in the use of quinidine was the direct myocardial toxicity 
of the drug, which was responsible for most of the reported fatal acci- 
dents, and that the incidence of emboli with quinidine was no greater 
than might be expected with conservative digitalis therapy. The ab- 
sence of synergic auricular contractions appeared to be the underlying 
mechanism responsible for the formation of mural auricular thrombi. 
The frequency and widespread distribution of the emboli made it ad- 
visable to abolish the conditions favoring thrombus formation, if pos- 
sible, more especially because the prognosis was otherwise very good. 
After weighing the risks, quinidine therapy was instituted and normal 
rhythm restored. The subsequent course has been satisfactory in that 
sinus rhythm has been maintained up to the present (eight months), 
no further emboli have occurred, and the cardiac state has continued 
excellent. 

Our experience in this case suggests that when a patient has auricu- 
lar fibrillation, repeated emboli, and a good myocardial function and 
life expectancy, serious consideration should be given to the possibility 
that quinidine may re-establish normal auricular activity and diminish 
the likelihood of further emboli. If the hazard when untreated is con- 
siderable, and the benefits to be gained are many, the therapeutic risk 
may be justifiably taken. 

SUMMARY 

Quinidine sulfate was given to a middle-aged man with “benign” 
auricular fibrillation of uncertain etiology whose repeated emboli were 
the only manifestations of his disease. The result Avas satisfactory, 
with restoration of sinus rhythm, subsidence of embolic phenomena, 
and maintenance of excellent cardiac reserve. The risks and benefits 
of the use of quinidine in such eases are discussed. 

The author is grateful to Dr. L. 1ST. Katz for suggestions during the study and in 
the preparation of the report. 
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SUBACUTE BACTERIAL ENDOCARDITIS CAUSED BY THE 
TYPE XVIII PNEUMOCOCCUS 
Report of a Case 

Harold L. Rakov, M.D. 

Kingston, N. Y. 

IN ACUTE streptococcus endocarditis the infection of the heart 
* valves is usually only incident to a general beta-hemolytic Streptococ- 
cus septicemia, associated with a recognizable extracardiac source of 
infection, such as wounds, mastoiditis, sinus thrombosis. Streptococcus 
viridans endocarditis, on the other hand, is primarily a valvulitis with 
thrombus formation superimposed on a previously damaged valve, and 
with the portal of entry of the bacteria into the body obscure or ex- 
ceedingly questionable. 

Libman has observed in his series of cases of subacute bacterial endo- 
carditis that the Streptococcus viridans was the cause in 95 per cent, and 
the influenza bacillus in the other 5 per cent. Various students of this 
type of endocarditis have reported other causative organisms, but I 
have been unable to find any reports stating that the pneumococcus 
might be the etiologic agent in this slowly progressing and fatal disease. 
The following case report proves conclusively that the type XVIII 
pneumococcus may give rise to subacute bacterial endocarditis with 
clinical and pathologic manifestations which are indistinguishable from 
those observed in Streptococcus viridans endocarditis. 

case report 

M. M., a 6-year-old white girl, had been a healthy child until she reached 
the age of three years, when, following a mild tonsillitis, she developed “heart 
trouble. ’ ’ For three years she had experienced dyspnea when climbing stairs, 
and one year previously a mitral systolic murmur had been discovered. On Jan. 
23, 1939, she was seen the first time by her physician. The child had mild ton- 
sillitis, with a temperature of 101.4° F. Other members of the family were suffer- 
ing from hemolytic streptococcus throat infections at the time, so that no culture 
was made from her throat. Sulfanilamide was given, and after two days she was 
feeling as well as usual and was out of bed. A few days later she was found to 
have a fever ranging between 101° and 103° F., and on Jan. 30, 1939, she was 
admitted to the Kingston Hospital. 

Upon admission the patient had no complaints but was pale and listless and 
had a “cafe au lait” discoloration of the skin. The tonsils were large and free 
of signs of inflammation. The mucous membranes were pale, and no petechiae 
could be found in them or in the skin or eye grounds. There was no clubbing of 
the fingers. The lungs were clear throughout. The heart was not enlarged. A 
low-pitched systolic murmur could be heard at the apex and was transmitted to 
the axilla. There was some accentuation of the pulmonic second sound, but no 
other alterations could be detected. The pulse was regular and of good quality, 
and the rate was 100. The blood pressure was 80/50. The liver and spleen could 
not be palpated, and nothing of significance could be found in the abdomen or 
extremities. 


Received for publication April 12, 1929. 
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Laboratory examinations revealed tlmt the erythrocyte count was 3,8- lOOOO and 
the hemoglobin 69 per cent (16.5 gm. = 100 per cent), there were J.»,800 kuc - 
eytes per cu. mm., S3 per cent of which were polymorphonuclear*. Slight albu- 
minuria was present, but no erythrocytes could be found in the urinary sediment. 
The complement-fixation test for syphilis was negative. Jtoentgcnolog.c studies 
revealed no disease processes in the mastoids. A teleorocntgenograin showed no 

increase in the size of the cardiac shadow. 

Sulfapyridine was administered. After eight, doses of 0.5 gram each, persistent 
vomiting developed, and a marked agranulocytosis was noted. The child received nu- 
merous blood transfusions. Keoprontylin therapy was attempted, but after a few 
small doses toxic symptoms again supervened, which necessitated the discontinuance 
of the treatment. The temperature ranged from 99.-1 to .101° F. Daily urine 
examinations revealed occasionally a few erythrocytes and leucocytes. Blood 
cultures on six occasions were all positive for the type X\11T pneumococcus. 

The organisms were isolated from the blood after -IS hours’ incubation at 
57° 0. and grew in the pour plates with the formation of a wide zone of methemo- 
globin, and the organisms in the broth culture grew out in chains ranging from 
6 to 200 members in length. The bacteriologic picture presented resembled that 
usually shown by the Streptococcus viridans. However, ns is usual with organisms 
producing alpha hemolysis, the culture was examined serologically with the various 


antipneumococcic sera and tested for bile solubility and for ability to ferment 
inulin. The serologic reactions immediately classed this organism as a type XVI II 
pneumococcus. 

On Feb. 10, 1939, the patient complained of pain in the lower part of the left 
side of the chest on inspiration, and at this time the spleen and liver were palpable. 
A few isolated pctechiae were noted on the abdominal wall and lower extrem- 
ities. The asthenia and lassitude became progressively more marked. On March 3, 
1939, complete right-sided hemiplegia was noted, conm ensued, and the child died 
on March 10, 1939. 

Final Clinical Diagnoses. — (1) Healed rheumatic mitral endocarditis with super- 
imposed subacute bacterial endocarditis caused by tbc type XV11I pneumococcus; 
(2) splenic infarction; (3) right-sided hemiplegia; and (4) focal, embolic glnmeru- 


litis. 


Necropsy Findings . — The heart, which was slightly enlarged, was found to be the 
seat of a healing rheumatic endocarditis and myocarditis. There were many recent 
perivascular scars in the muscle, and marked thickening of the leaflets of the mitral 
valve and thickening and shortening of the chordae tendineac. Small fibrous vegeta- 
tions were present along the auricular aspect of the edges of both the mitral and 
tricuspid valves. Protruding into the auricle, and practically filling the mitral 
orifice, was a large, firm, friable vegetation attached to the aortic leaflet of this 
valve. Direct typing of the large number of cocci present by the Neufeld method 
revealed that these organisms were type XVIII pneumococci. ’ Cultures of the. vege- 
tation yielded a pure growtli of this pneumococcus. Extensive embolic manifesta- 
tions were present. These included multiple pctechiae in the skin, multiple recent 
and old yellow infarcts in a markedly enlarged spleen, and multiple pctechiae in 
both kidneys, which showed, microscopically, changes characteristic of embolic 
nephritis. 


Microscopic examination of the large vegetation on the mitral leaflet showed 
old thrombus material at the point of attachment to the valve, which was’under- 
gomg organization with the ingrowth of blood vessels and fibroblasts Toward 
the center of the thrombus it was necrotic and contained no bacteria. Recent 
thrombus was present near the surface, and huge quantities of bacteria lav along 
ie zone between the recent and necrotic thrombus material. A thin film of fresh 
blood clot, probably post-mortem clot, covered most of the surface of this large 
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vegetation. Partial destruction of the valve had occurred, and in that portion 
which remained there was a subacute inflammation. The colls present in the 
original portion of valve were chiefly mononuclears, with a few polymorphonuclear 
leucocytes scattered throughout this tissue. The changes observed in the valve 
and vegetation suggested that the bacterial endocarditis had long antedated the 
onset of clinical signs and symptoms. 



Fig. 1. — Large vegetation on auricular aspect of aortic leaflet of initial valve. 

COMMLXT 

In this case of subacute bacterial endocarditis caused by the type 
XVIII pneumococcus t he Streptococcus viridans would in all probability 
have been regarded as the causative organism had not the more recently 
available serologic methods for distinguishing higher types of pneumo- 
cocci been employed. It is therefore imperative that in every ease of 
subacute bacterial endocarditis the organism be subjected to serologic 
studies to make sure that it is not a pneumococcus. The Xeufeld re- 
action in particular, should be employed. If t his were done it is highly 
probable that many eases such as that herein reported would he dis- 
covered. 

I wi.-h to expre*— my gratitude to Mr. George C. Groves for his aid in the isola- 
tion and identification of the type XVII l pneumococcus in this ca=c. 
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Sprenger, O.: Abstract of Meeting of Twelfth German Society of the Study of 
the Circulation. Ztschr. f. Kreislanfforsch. 31: 332, 393!). 

E. Schiitz (Munster) pointed out that the S-T deviation in the electrocardiogram 
is an expression of monophasic action currents from injured areas superimposed 
on ordinary action currents. 

A. Weber (Bad-Naulieim) emphasized that the electrocardiogram gives no in- 
formation concerning the mechanical activity of the heart, but shows evidence 
of local myocardial injury and alterations in spread of impulse. S-T deviations 
are symptoms, like dyspnea, but point to coronary insufficiency whether these 
are accompanied by infarction or not. 

• Buchner (Freiburg) was in accord in stating that necrosis is a late occurrence of 
coronary insufficiency of which the electrocardiographic changes are earlier evidence. 

K. Heinrich (Bad-Naulieim) reported that the injury current potential in the 
frog's heart is smaller than the action current potential. 

Hegglin and Nobile (Zurich) reported that in the mammalian heart warming, 
calcium, and digitalis shorten the monophasic curve, while hypocalcemia and quinine 
lengthen it. They differentiated between lengthening of the sustained plateau and 
cec me of the monophasic curve. The former indicates a protraction of the state 
of maximum activation, the latter slow restitution. 

Holzman (Zurich) spoke about middle wall infarction, which in the chest lead 

!he eleltrS 7* Stmh 8,l0W8 th ° QES entircl - v Averted; but with 

the electrode over the apex, shows a normal QBS but an inverted, peaked T. 

• ‘ a / Ser and G - Un S er (Had -Nauheim) reported that mirror oscillographs 

instead of cathode ray oscillographs could be used in vector diagraphy. ? 

. er Borgh (Utrecht) reported anatomic studies in the horse and beef where 

Of u «• A -> -»» te »« ^.paaec,„ nj . i„ „« treatmont 

Hildebrand (Frankfurt) found that a salt-free diet led tn i • . 

meat in only one-third of twenty-seven patients !!,, , , Sub J ectlve amprove- 

was tried. P ‘ Vlt 1 hypertension upon whom this 


* r* «■* - . - 


Sarre and Wirtz (Frankfurt) reported that 
kidney flow or the A-Y 0 2 difference of animals Jth ^ n ° Gffect on th ° 

nephritis. mals experimental diffuse glomerulo- 
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Broemser (Munclien) discussed the physiology of heart failure in terms of the 
abnormal states of elasticity and resistance of the blood vessels and in terms of the 
circulating blood volume and the state of the venous circulation. 

H. Gremels (Marburg) — Heart failure is due to insufficiency of energetics. Treat- 
ment can be attempted by mobilization of energy via the sympatheties or to in- 
crease its build up by vagus-insulin stimulation. Digitalis appears to cause a 
decreased membrane permeability of heart muscle and an increased effectiveness of 
normal vagus stimulation. 

F. Volhard (Bad -Nauheim) presented his views on digitalis and strophanthin, 
namely that they decrease diastolic volume of failing heart and thus lead to in- 
creased mechanical work and efficiency. Strophanthin also increases peripheral 
0 2 utilization. Best is important in heart failure and venesection is occasionally 
useful, as are leeches. Mercurial diuretics should be used after heart muscle has 
been strengthened. Dietary regime aiming to relieve edema is to be used. 
Starvation is advocated as a cure for high blood pressure, to be followed by absolute 
salt-free diet. Focal infection of tonsils should be eradicated. In certain cases, 
thyroidectomy is useful. 

Blumberger (Diisseldorf) measured isometric contractions and ejection period of 
systole and advocated their use in estimating myocardial damage. 

Schellong (Heidelberg) presented the changes which occur during ordinary and 
deep breathing in the electrovector diagram. 

Parade (Breslau) reported that digitalis causes a decrease of the alkali curve 
after exercise, indicating that it produces an improved lactic acid synthesis in 
the muscles and liver. 

Eckardt (Hamburg) noted that not all of early changes in circulation in 
diphtheria is due to vascular failure since severe damage to the heart is found 
in the earliest stages of diphtheria as could be demonstrated anatomically. 

Katz. 

Scupham, George W., de Takats, Geza, VanDellen, Theodore R., and Beck, William 

C.: Vascular Diseases: A Review of Some of the Recent Literature, With a 

Critical Review of the Surgical Treatment. Arch. Int. Med. 64: 590, 1939. 

This annual review of recent literature on vascular diseases is one similar to 
the one on heart disease. They are both invaluable resumes of their particular 
subjects. 

McCulloch. 

Comroe, Julius H., Jr.: The Location and Function of the Chemoreceptors of the 

Aorta. Am. J. Physiol. 127: 176, 1939. 

The extracarotid chemoreceptors of the dog have been localized by physiologic 
and anatomic studies in the aortic body, a structure fundamentally similar to the 
carotid body. 

Both carotid and aortic bodies set up reflexes to the respiratory and vaso- 
motor centers in response to anoxia, whether this be produced systemically by 
oxygen lack in the inspired air, or locally by interference with tissue oxidations. 

The major role of the aortic chemoreceptors in the dog is the initiation of 
powerful reflexes to the vasomotor center during anoxemia. By far the greater 
portion of the hypertension of acute systemic anoxia is produced by aortic body 
reflexes; vascular reflexes from the carotid body are inconstant and relatively 
ineffective. The carotid body, however, usually contributes by far the greater 
portion of the hyperpnea of anoxemia in the dog; the aortic body component, 
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though invariably prM.nl, it oft." In the cut the curoti.l chcmo- 

receptors arc ret, lively more important to the vasomotor response to nnoM.i 
is tlie case in tlie dog. 

The blood supply and afferent nervous pathways for the aortic clicrnorcceptors 
have been determined in the dog and cat. In the dog the blood supply is from 
the transverse aorta, in the cat from the coronary arteries. In both species the 
nerve fibers Teach the vagus trunk close to (probably by way of) the recurren 
laryngeal nerves. 

The possibility that the McDowall reflex may result from chemical stimulation 
of the aortic body rather than from alterations in venous pressure has been dis- 


cussed. . . 

In view of the close functional and structural similarity to the carotid body, it is 
proper to use the term aortic body suggested by Nonidez, to designate structures 
now known as paragangtion aorticum supracardialc, paraganglion of Pcnitschla, 
paraganglion aorticum supracardialc superius. 

Author. 


Smith, Paul K., Winkler, Alexander W., and Hoff, Hebbel E.: Calcium and Dig- 
italis Synergism. Arch. Int. Med. 64: 322, 1930. 

Dilute solution of calcium chloride was administered intravenously to digital- 
ized dogs, and electrocardiograms and samples of blood were taken frequently 
during the course of the injection. 

The electrocardiographic changes were correlated with the concentration of 
calcium in the serum. They were similar in every way to those of normal animnls 
receiving calcium. 

The mode of death of the digitalized animals was by ventricular fibrillation, 
or by arrest without fibrillation, just as in normal animals. 

A comparison of the fatal dose and of the concentration of calcium in the 
serum at death in normal and digitalized dogs indicated that, by the type of 
experiment described here, the lethal effects of calcium and digitalis are neither 
synergistic nor even completely additive. 

Authors. 


Keys, Ancel, and Friedell, H. L.: Measurement of the Stroke Volume of the 
Human Heart From Roentgenograms; Simultaneous Roentgenkymographic and 
Acetylene Rehreathing Experiments. Am. .T. Physiol. 126: 741, 1030. 

A method is described in which tlie volume stroke of the human heart is 
estimated from measurements of the areas of the systolic and diastolic outlines 
of the heart in the frontal position on a roentgenkymographic film. 

Roentgenkymograms were made simultaneously with acetylene rebreathing 
experiments. The results from twenty-five experiments on sixteen normal subjects 
tit the equation: 


Stroke volume = 0.G4 (Area a. 1 ’ 4 ; 1 , _ Area 

' diastole 




. vudoiuiu systole 4 

the average difference between the two methods was ±5.1 per cent and the 

S '“* e f -d -10.2 pc, cent, referred To .he .cot “ 

method as standard. Similar results mere obtained with patients with circulator!- 

were p'esent! '^-tension) so long as no vnivnh.r defects 
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Since peripheral arteriosclerotic disease involves the lower extremities to a 
mu!li greater* extent than it does the upper, oscillomctric readings at any given 
level in the lower extremities should, as the disease progresses, decrease pro- 
portionately more than those at any given level in the upper exlrenuti . 

The ratio of the amplitude of pulsation at the nnhlo to t int a ie "" ns ", 
between 1 and 2 in normal individuals. In patients with peripheral arterio- 
sclerotic disease this ratio was always under one. 

.NAIDE, 


Castex, M. R., Arana, R., Ramirez, R. L., and Battro, A.: Paroxysmal Ventricu- 
lar Tachycardia. Rev. argent, de cnrdiol. 5: 3G5, 1939. 

Seven cases are described of paroxysmal ventricular tachycardia with ‘EKG 
records obtained during the attacks. In cases 1, 2, and 3, these were due to 
occlusion of the right coronary, and in case 1, to occlusion of the left one. The 
ventricular complex was positive in the former and negative in the latter 
(Lead I). 

Assuming that the left coronary occlusion causes a focus of hyperirritability 
in the affected area or its vicing on the anterior wall of the ventricle, apex, 
and anterior part of the septum, the extrnsystoles, isolated or in groups, thus 
originated, would cause the ventricular tachycardia. According to this interpre- 
tation, ventricular complexes with initial deflexion in Lead I would originate 
in the right ventricle, or posterior wall of the left one, nnd those with negative 
deflexion, in the left ventricle, which is in agreement with the conclusions of 
Barker, Macleod, and Alexander, regarding the origin of the extrnsystoles. 

With the exception of ease 2, the observations reported did not correspond to 
septal infarcts and therefore are in disagreement with the hypothesis that 
ventricular paroxysmal tachycardia is always the expression of a septal infarct. 
Pathologic examinations are needed to elucidate the question. 

Of the remaining three cases one belonged to a syndrome of Stokes-Admns 
produced by paroxysmal ventricular tachycardia, the other to a tachycardia of 
Bouveret which later on degenerated to a prcfibriliar tachycardia, and the third 
was interpreted as being ventricular tachycardia. 

Authors. 


Perry, C. Bruce: Persistent Conduction Defects Following Diphtheria. Brit. 

Heart J. 1: 117, 1939. 

A description has been given of throe children who rccovored from attacks of 
diphtheria with persistent conduction defects. In two this took the form of 
complete heart block, and in the third of bundle branch block. In all three the 
lesion seems to have developed at the time of their diphtheria or shortly after 
and in all it has persisted for some years. 

Author. 


Campbell, Maurice, and Elliot, G. A.: Paroxysmal Tachycardia; Etiology and 
Prognosis of One Hundred Cases. Brit. Heart J. 1: 123, 1939. 

and followedl UnSele ° ted ^ ° f P^^al tachycardia have been studied 
and followed for some years. In forty-two the diagnosis was confirmed by the 

flutter and tachycardia. 7 distinguishing paroxysmal 
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Of the forty-two attacks with graphic records, eight were ventricular and 
thirty-four supraventricular; eleven of the latter were nodal, but in many of the 
other twenty-three the site of origin could not be defined more precisely. Extra- 
sj-stoles were observed between attacks in twenty-one but were only of minor 
assistance in predicting the type of the attack. Ventricular paroxysms were very 
uncommon without serious heart disease. 

There were forty-one of these cases with heart disease, nineteen rheumatic, 
two syphilitic, eight hyperpietic, and twelve myocardial. There was no heart 
disease other than the arrhythmia in fifty-nine, though four of these had a goiter. 

The rate was between 160 and 200 in'nearty half; it was between 140 and 240 
in 90 per cent, but occasionally outside this wide range. There was no great 
difference between the various etiological groups. Nodal attacks tended to be a 
little slower and ventricular attacks were rather more often above 190, but even 
above this rate ventricular attacks formed a small minority. 

Paroxysms are generally of short duration, lasting for hours rather than for 
days. In sixty-one the customary duration was less than two hours, and in 
another twenty-eight twelve hours or less. There were four where it was about 
twenty-four hours, and only seven where it was longer than this. But eighteen 
others, making twenty-nine in all, sometimes had attacks lasting more than one 
day, viz., over twenty-four hours, ten cases; two or three daj-s, eight cases; up 
to seven days, four cases; up to ten days, five cases; and two to four weeks, 
two cases. One-third, therefore, of our patients had some attacks lasting more 
than a day, 10 per cent rarely, 10 per cent often, and 10 per cent habitually. 
Long attacks included an undue proportion of the ventricular paroxysms and were 
more common in those with myocardial disease. 

Paroxysmal tachycardia is a symptom rather than a disease. In a minority of 
patients it accompanies serious heart disease, when, of course, the prognosis is 
grave. Such cases are nearly always under observation for their heart disease 
before the onset of paroxysms. Ventricular paroxysms form a fairly large pro- 
portion of this group and are rare otherwise. In most patients paroxysmal tachy- 
cardia is not in itself of any grave significance. It is due to reflex causes more 
often than to any primary change in the heart muscle. This applies not only to 
the majority whose hearts are otherwise normal but also to most of those with 
rheumatic heart disease and to some of those with other myocardial disease. 

There is no close association between paroxysmal tachycardia and paroxysmal 
auricular fibrillation. In some of the rheumatic cases and less often in others, 
paroxysms of fibrillation may alternate with or replace paroxysms of tachycardia. 
In the rheumatic cases established fibrillation becomes a possibility in the near 
future. 

The prognosis of paroxysmal tachycardia as regards life is, therefore, excellent, 
unless it is of the rare ventricular type, unless appearing relatively late in life 
it is the first indication of disease of the coronary arteries, or unless before the 
paroxysms have started there is already serious heart disease. Three of these 
patients have lived fifty years after the onset of their paroxysms, another eighteen 
for more than twenty years, and another twenty-six, making 47 per cent for more 
than ten years, and most of these are still in good health. Paroxysmal tachycardia 
does not produce heart disease, even when it continues throughout life, though one 
possible exception to this statement has been quoted. In general the prognosis 
depends on the condition of the heart muscle and should be decided without reference 
to the paroxysms.' There is no constant tendency for the paroxysms to get worse 
as life advances, and usually some form of treatment can be found which will 

reduce the frequency and the discomfort produced by the attacks. 

. Authors. 
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Mortensen Vagn: On the Pathogenesis of Bundle Branch Block as Elucidated 
by the ' Elektrocardiographic Changes in Precordial Leads. Remarks or i the 
Relation Between Bundle Branch Block and Other Preponderance Curves 
Precordial Leads, and on the Relation of the Latter to Infarction Curves. 

Nordisk Medicin 1: 1971, 1939. 

The electrocardiograms in standard and precordial leads in sixteen cases of 
bundle branch block are described. It is pointed out that there exists a great 
deal of conformity between the ventricular complexes in Lead IV,. in complete 
left bundle branch block (new terminology) and in Lead OF. m complete rig it 
bundle branch block and in curves belonging to Barley's groups; this may sug- 
gest that curves belonging to Baylcy's groups represent complete right bundle 
branch block. 

Attention is called especially to the diminution or the absence of the R wave 
in Lead CF„ in left bundle branch block. A similar configuration lias been found 
in pronounced left ventricular preponderance. On account of these observations 
the hypothesis is advanced that; the normal relation between the amplitudes of 
the R waves in CF, and IV r depends on a certain normal relation between the 
conduction through the two ventricles, and flint ilic diminution of the L teorr which 
may he found in pronounced left vcnlricnlar preponderance and especially in left 
bundle branch block is caused by a lesser or greater relative delay of the conduction 
through the left ventricle, owing either to lesions in the conduction system or to 
hypertrophy of the left ventricle. 

In standard leads the changes characteristic of pronounced left ventricular 
preponderance — that is, essentially, the curves described by Lntcn and Grove and 
by Rykert and Hepburn — were formerly explained in part by the hypertrophy of 
the left ventricle, partly by changes in the heart’s position caused by the hyper- 
trophy, and finally, owing to the resemblance between those curves and bundle 
branch block, by intraventricular conduction delay, which witli the old terminol- 
ogy for bundle branch block must be localized to the right ventricle (Luton and 
Grove); still, Fahr and Mann and Weber have assumed that a possible delay of 
conduction had to be located on the left side. With the old terminology for 
bundle branch block, these causes, hypertrophy of the left ventricle and intra- 
ventricular conduction delay, could be considered from Die same point of view 
only with difficulty. 

The new terminology for bundle branch block is bringing quite new per- 
spectives for the understanding of the preponderance curves. The plain transition 
between left preponderance curves and left bundle branch block (new terminologv) 
makes it most likely that pronounced left preponderance curves are caused bv a 
lesser degree of delay of the conduction through the left ventricle than is the 
case in left bundle branch block. Such a lesser degree of delay of the conduction 
is in most cases explainable by the hypertrophy of the left ventricle. Thus the 
new terminology for bundle branch block brings Die different theories about, the 
cause of preponderance curves into a more likely connection with each other Ilian 
is allowed by the old terminology. Surely hypertrophy of the left ventricle is a 
very essential factor in most cases of pronounced left preponderance curves and 
the delay of conduction is then secondary hereto. But setting the relative delav 
of conduction as the immediate cause of the preponderance curves it will lie 
possible to explain also the cases of preponderance curves which are’ not accom- 
panied by hypertrophy of the left ventricle. For a delay of conduction need 
not necessarily be due to ventricular hypertrophy but, may be due to lesions 
m the conduction system. 

Attention has been drawn to the fundamental difference between absence of 
the R wave m CF : in left bundle branch block - - 


or pronounced left ventricular 
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have made no new observation in this regard, but they have done well to empha- 
size it. The beneficial effects of sympathectomy on blood pressure cannot ap- 
parently, be judged by the value of the blood pressure shortly after operation 
and many of those who have reported tlicir results of sympathectomy for hyper- 
tension do not even include these values for blood pressure in their presentations. 
The proof of value of an operative procedure in influencing blood pressure de- 
pends on whether or not the blood pressure is persistently reduced when pa- 
tients return to normal activity after operation. Study of the author's data 
indicates that of the twenty-seven patients studied the blood pressure was sig- 
nificantly lower several years after operation than before in only seven instances. 
Each of these late blood pressure determinations was made when the patient re- 
turned to the hospital when congestive failure or other manifestations occurred, 
a time at which one might reasonably expect blood pressure to bo lower as a re- 
sult of rest and congestive failure. In evaluating the effects of any operations 
on arterial blood pressure it seems inadvisable to compare pressures during 
activity when patients were in good enough physical condition to warrant op- 
eration with those obtained later when they had congestive failure or other 
manifestations. The authors have performed a service by emphasizing the need 
for careful evaluation of results, but they have apparently committed the same 
error which they attribute to those who have reported results of operations on 
the sympathetic nervous system of patients with essential hypertension. 

Ai.t.kn’. 


Maher, C. C., and Wosika, P. H.: Urologic Hypertension. A Study of 101 Cases. 

Proc. Inst. Med., Chicago 12: 38S, 1930. 

In 600 hypertensive patients, the authors found that 1 01 exhibited a wide 
variety of urologic lesions. One quarter of these (20 cases) suffered from 
“parenchymal renal disease such as glomerulonephritis,'' and the rest showed 
a variety of infectious and obstructive lesions. Hydronephrosis was common 
due to a variety of lesions. In the list of lesions wore such conditions as pyelo- 
nephritis, renal stone, and even urethral stricture. The point made is that each 
case of essential hypertension deserves a thorough urological examination. 


Steele. 


Opsahl, Roald: On the Pathogenesis of Arterial Hypertension With Especial 
Regard to the Role of the Kidney and Adrenals in the Mechanism of White 
High Blood Pressure. Acta Med. Seandinav. Suppl. xcii. 1938, 202 pp. 

Part I. Physiological Regulation of Arterial Pressure 


In the first few pages Opsahl records recent evidence for his premise that 
essentml hypertension is due to a constriction of the peripheral arterioles noJ 

lature tTZ ' but l,pon “ intrinsic spasm'' of the muscu- 
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The main conclusions are: ll0 

1 Three pathogenetic mechanisms underlying chrome lypoi ensi 

diet ntuished: (1) A purely constitutional one, (2) a pure renal one and 3) n 
combined one (constitutional hypertension "provoked” or r ^ 

renal factor). The constitutional hypertension corresponds to A olhard s red, 

the other two to “white” hypertension. 

2 A renal hypertension is a compensatory phenomenon for relative filiation- 
insufficiency (not failure of the excretory function). When hypertension can no 
longer compensate for the fill ration-insufficiency, then renal insufficiency maj be 

said to exist. . 

3. The increase in size of adrenal glands agrees with the modern conception of 

the role of these organs in regulating arterial pressure and can be regarded as nec es- 
sary for meeting the chronic emergency of renal filtration-insufficiency by com- 
pensating for it with a persistent elevation of arterial pressure. 


Horn, Henry, Dack, Simon, and Priedberg, Charles K.: Cardiac Sequelae of 

Embolism of the Pulmonary Artery. Arch. Int. Med. 64: 206, 3930. 

A group of fortj’-two cases of embolism of the pulmonary artery has been 
studied, in eight of which recent structural changes in the myocardium ordinarily 
resulting from acute myocardial ischemia were revealed. 

The factors necessary for the production of such myocardial changes are dis- 
cussed. These arc shock, asphyxia, and exaggerated vagal reflexes resulting 
from obstruction of the pulmonary arteries. These factors, alone or in associa- 
tion, lead to insufficiency of the coronary circulation. Morphologic evidence of 
coronary insufficiency in cases of embolism of the pulmonary artery is more 
likely to occur if there are recurrent embolization, narrowing of the coronary 
arteries, cardiac hypertrophy, and adequate duration of life after embolism. 

Anatomic changes in the myocardium in persons with embolism of the pul- 
monary artery may be considered the end result of the myocardial ischemia which 
accounts for the characteristic electrocardiographic changes. 

The resemblance of electrocardiographic changes in cases of embolism of the 
pulmonary artery to those in cases of myocardial infarction of the posterior wall 
may be explained by the diminished flow through the right coronary artery re- 
sulting from increased tension in the right ventricle. 

Authors. 


Gregg, Donald E., Thornton, John J., and Mautz, Prederick R.: The Magnitude, 
Adequacy and Source of the Collateral Blood Plow and Pressure in Chronically 
Occluded Coronary Arteries. Am. J. Physiol. 127: 361, 3030. 


The results presented elucidate in part what happens dynamically in the 
vascular bed of a chronically occluded coronary artery in favorable dogs and 
have led to the belief that a large new collateral circulation develops. Our 
criteria for such a belief are the recorded experimental facts that (1) in twenty- 
two of twenty-three dogs tlie peripheral coronary pressure is greatly increased 
(as compared to normal controls) and at times to values even approaching aortic 
pressures; (2) the retrograde blood coming from the peripheral end of the 
occluded coronary ranges up to 105 c.c. per minute with most of the values around 

*rr 
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abolic needs of the potentially infarcted myocardium, for the myocardial 
region exhibits normal contractions except in areas of scarring. 

No single pulse pattern or set of ordinate values exists in the peripheral ends 
of the major coronary rami chronically ligated. The most usual peripheral coro- 
nary pressure is similar in timing and contour (although greater in magnitude) 
to the normal curve obtained immediately after coronary ligation, others more 
nearly resemble an intraventricular pressure curve while less frequently the 
peripheral coronary pressure curve can scarcely be distinguished from the aortic 
curve simultaneously recorded. 

Prom an analysis of these coronary pulse patterns the conclusion is drawn 
that most of the collateral flow occurs during diastole and that only in those 
coronary pressure curves which resemble the aortic in ordinate values and con- 
tour can the source of the retrograde blood be predicted. 

By clamping the other coronaries either separately or together while measuring 
the retrograde flow in the third coronary chronically occluded, the functional 
extent of the newly established coronary anastomoses has been determined. It 
has been found that: 

The descendens receives on an average 62 to 66 per cent of its collateral flow 
from the other coronaries (right 7 per cent and circumflex 55 per cent). 

The circumflex receives 66 to 64 per cent from the other coronaries of which 
the right and descendens contribute 19 and 47 per cent. 

The right receives 97 to 79 per cent of its flow from the left coronary artery, 
the descendens contributing 22 per cent and the circumflex 75 per cent. 

This leaves a large residual flow in the left coronary and a small residual 
flow in the right still to be accounted for. The origin of this potential extra- 
coronary retrograde flow has not been determined. 

Authors. 

O’Shaughnessy, Laurence, Slome, David and Watson, F. : Surgical Revasculariza- 
tion of the Heart. Lancet 2: 617, 1939. 

Histologic and injection studies are presented, demonstrating that vascular 
connections will develop between the vessels of the myocardium and extracardiac 
vessels (a) when cardiopericardial adhesions are produced with aleuronat; (b) 
when a pedicled omental graft is introduced into the pericardial sac and adhesion 
between omentum and heart is stimulated with aleuronat; and (c) when omentum 
is grafted to the outer surface of the pericardium after the production of cardio- 
pericardial adhesions. 

Collateral communication will develop between the pulmonary and coronary 
circulations if a lobe of the lung is grafted to the myocardium. 

Authors. 

Flothow, Paul G.: The Surgical Treatment of Essential Hypertension. Am. J. 

Surg. 44: 535, 1939. 

The preoperative testing and surgical treatment of patients with essential 
hypertension are reviewed. The results of operations on twenty-two patients 
are presented. 

The author believes that there is no other method of treatment of essentia 
hypertension that offers anything comparable to the results following extensive 
sympathectomy in selected patients. Postoperative blood pressure cannot be 
the only criterion of results accomplished since many patients who exhibit 
no fall in blood pressure are markedly improved clinically and symptomatically. 

Naide. 
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Spink, Wesley W., and Crago, F. Hughes: Evaluation of Sulfanilamide in tlie 
Treatment of Patients With Suhacuto Bacterial Endocarditis. Arch. Tut. -Med. 


64: 22S, 1939. 

It appears from the foregoing observations that the administration of sulfa- 
nilamide to patients with subacute bacterial endocarditis will in some instances 
render the circulating blood free of organisms. Except for two of the patients, 
this bactericidal effect was only temporary and depended on the continued use o 
the drug. In two patients definite improvement followed the use of sulfanilamide. 
However, we believe that sulfanilamide mid its related compounds will ho of 
doubtful value in the treatment of patients with subacute bacterial endocarditis 
because of the very nature of the focus of infection. The proliferating mass of 
bacteria situated well beneath the surface of the vegetation is probably pro- 
tected, at least in part, from the action of free sulfanilamide in the blood, as 
well as of specific antibodies. When the organisms approach the surface of the 
vegetation, they nrc carried off in the circulating blood, and under these circum- 
stances may be killed. An analogous therapeutic situation is now recognized in 
the treatment of patients with bacteremia duo to beta hemolytic, streptococci. 
Lockwood stated that in a number of instances of infection of the blood stream 
an infected thrombus in a large vessel has prevented satisfactory elimination 
of the bacteremia. 

Since the presence of sulfanilamide in the blood may have a bacteriostatic 
effect on some strains of Sir. virulans, sulfanilamide probably should be admin- 
istered to any patient with valvular lesions who may be subjected to oral surgical 
procedures. It is well known that after the extraction of teeth or after a tonsillec- 
tomy temporary bacteremia with Sir. riridans may result. 

At'THOHB. 


Edwards, Edward A., Hamilton, James B., and Duntlcy, S. Quixnby: Testosterone 
Propionate as a Therapeutic Agent in Patients With Organic Disease of the 
Peripheral Vessels. New Eng. .T. Med. 220: Sfi.I, 1939. 


Following the treatment of human male castrates with testosterone propionate 
there was an increase in arlcrialization and blood volume in the head, palms of 
the hands and soles of the feet. The vascular changes In the skin were observed 
with the recording spectrophotometer. 

Seven male patients with organic vascular disease were then treated with 
crystalline testosterone propionate. Three of the men had thromboangiitis 
obliterans and four were arteriosclerotic. All had occlusion of major vessels. 
Administration of testosterone propionate produced favorable changes in all the 
patients. The spectrophotometer curves after treatment, showed an carlv and 
decided artenahzation of the cutaneous blood. Other beneficial effects were* relief 
o night pain and improvement in intermittent claudication. These findings are 
presented as a preliminary report. h 


Naide. 
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Clinical Radiology of the Heart and Great Vessels: By C. H. Laubrv. P. 

Cottenot, D. Eositier, and R. Heim. Paris, 1939, Masson et Cie. 

Those who during the last year have followed the abstract section of The 
American Heart Journal will have been impressed with the importance of the 
studies on radiology of the heart which have come from Liaubrv’s clinic. This 
work has now found a fitting climax in the two volumes which have just been 
issued. The authors ’ special contributions are here included in a comprehensive 
atlas, comprising practically all known information on the subject. The work 
does not follow the standard classification of heart disease, but is logically de- 
veloped along radiologic lines. 

The parts which the various chambers of the heart play in the formation of the 
cardiac shadow are clearly illustrated by the post-mortem injections with opaque 
media. The various types of normal hearts are considered, including kymographie 
studies. Consideration is given to the variations occurring at various ages, dur- 
ing pregnancy, and from extrinsic factors, such as pleural effusions, pulmonary 
fibrosis, thoracic deformities, and diaphragmatic hernias. It is shown how nor- 
mal hearts may simulate mitral lesions. 

A wealth of pictures illustrates rheumatic heart disease: how mitral lesions 
are consistent with normal heart shadows: the evolution of the lesions through 
the rears; and how cardiac enlargement affects the mitral characteristics. 
Throughout, modern concepts of heart disease are applied to the interpretations. 
Changes in the pulmonary circulation and the hilus shadows are also shown. 
Special attention is given to enlargement of the left auricle and the part it plays 
in the formation of the right cardiac border. The shadow of the left auricle is 
shown superimposed on that of the rest of the heart. The displacement of the 
bronchi and the esophagus is shown by contrast media. Finally pictures are 
shown of multiple valvular involvements, pancarditis, and aortic regurgitation. 

In the second volume the first sections are devoted to congenital heart disease. 
Rogers ’ disease, alone and in conjunction with other defects, pulmonary stenosis, 
coarctation of the aorta (not quite so plain as the rest), persistent ductus ar- 
teriosus, patent foramen ovale, transposition, and idiopathic hypertrophy — a full 
catalogue. 

Zsext, the authors turn to aortitis and the degenerative changes, arteriosclerosis 
and the resulting deformities, of which an amazing collection is shown, senile 
changes, and aneurysms in all forms and locations. The test here contains a 
valuable discussion of the diagnostic signs, including a kymographie discussion. 
Then come myocardial disease, coronary infarction, and cardiac aneurysm. 
Dilation of the pulmonary arteries is beautifully shown, also the effect of hyper- 
tension of long standing. Pericardial diseases are considered: effusions, adhesions, 
calcifications, and even a case of diverticulum. Cardiac insufficiency is illustrated 
including pulmonary edema during and following an attack. A few picture^ 
demonstrate the technique of locating foreign bodies in the heart. The work 
closes with a collection of diagnostic problems. 

Throughout, the very highest standards prevail: the photographs are as per- 
fect as is technically possible. They show even fine shades of contrast and are 
beautifully reproduced. The text is condensed, yet adequate. Only one small 
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criticism may be leveled against the work: a considerable number of *e£orenc 
figures in the text have been misprinted. The volumes constitute a landmark 
cardiac diagnosis and should find wide distribution. 






Peuipiiekal YASon.Au Diseases, Diagnosis and Treatment: By Millmm S. Collcns, 
jID., Chief of the Clinic for Peripheral Vascular Diseases, Israel Zion Hospital, 
Brooklyn, N. Y., and Nathan D. Wilensky, M.D., Assistant in the above dime. 
243 pages, 1939, $4.50, Springfield and Baltimore, Charles C. Thomas. 


The aims of this book arc presented in the preface. “This book lias been 
planned to offer the physician a ready reference and a compendium which will 
aid him in the early recognition of peripheral vascular diseases and to offer him 
specific instruction in the management of the individual case.’’ Since there is 
little or no consideration of diseases of the veins or lymph vessels, a more ap- 
propriate title would be “Peripheral Arterial Diseases.” However, such a title 
would not be quite accurate, for aneurysm, glomus tumors, periarteritis nodosa, 
and arteriovenous fistula, for example, arc considered minimally or not at all. 
The bibliography is incomplete; many important contributions are not mentioned. 
The term “peripheral vascular sclerosis,” used to designate “peripheral arterio- 
sclerosis,” is an example of loose exposition. While the authors have attributed 
inflammation of peripheral arteries to syphilis, rheumatism, tuberculosis, pneu- 
monia, and typhoid fever, they present no evidence that tills actually occurs. 
The chapters on “Methods of Examination” and on “Symptoms and Signs of 
Interference With Arterial Flow” are fairly complete. The chapters in which 
methods of treatment are evaluated have much merit. The reviewer can offer 
objections to relatively minor points. Three examples follow: The few words 
on sympathicotonia do not clarify this elusive or nonexistent syndrome. The 
application of the term “nocturnal claudication” to “nocturnal cramps” serves 
only to confuse. Nocturnal leg cramps by no. means affect only individuals with 
diabetes, as the authors imply. The statement is made that it is important to 
differentiate “peripheral vascular sclerosis” from thromboangiitis obliterans, 
but no reasons are given. 

It is logical that the authors should devote a good deal of space to inter- 
mittent venous occlusion, a method of treatment which they originated, but it is 
unfortunate that comparatively little should lie written of other’ methods 
of treatment which some authorities regard as more efficacious. The unfortunate 
intimation that the authors recently originated the test for determining the dis- 
tance patients must walk to produce claudication overlooks publications of sev- 
eral years ago in which this test was described by others. The authors’ ques- 
tion whether the improvement noted during treatment of thromboangiitis obli- 
terans with repeated intravenous injections of hypertonic salt solution is not 
due to spontaneous regression of the disease might well be asked with respect 
to the nse of intermittent venous occlusion. 1 

The book is attractively printed. 


Bixiai: y. Allen. 
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cast, stands alone as the national organization devoted to educational work relat- 
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To coordinate and distribute pertinent information, a central office is maintained, 
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ment of the leading cause of death in the United States, diseases of the heart. The 
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ciation. Lack of adequate funds seriously hampers more widespread educational and 
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THE RATE OF THE CIRCULATION IN THE ARTERIES AND 

VEINS OF MAN 

I. Studies of Normal Subjects and of Those With Occlusive 
Arterial Disease and Hyperthyroidism 0 

Walter F. Ivvale, M.D.,f and Edgar V. Allen. M.D.J 
Rochester, Minn. 

T^OCH, 1 in 1922, was the first investigator to determine the speed of 
circulation in man. He injected a solution of potassium ferro- 
cyamde into the cubital vein of one arm and collected samples of blood 
from the cubital vein of the other arm at five-second intervals He 
found that the average time required for the blood to traverse such a 
circuit was twenty-two seconds, with a range of twelve to twenty-seven 
seconds in different individuals. Since that time, numerous other meth- 
o s have been introduced for estimating the velocity of the blood flow 
n active radium deposit lias been injected into a vein at the elbow and 
ts arrival at the opposite brachial artery detected bv means of a count 
mgehamb Calcium chloride,- calcium bromide/ cnlcinm gW 
, endoiodme, and magnesium sulfate 11 - 12 have been injected intvn 

mi thc “Z” 1 «*» *> 
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deep inspiration after its intravenous injection, lias been used to estimate 
the circulation time 40 ' 47 from the arm to the carotid sinus. Ether and 
paraldehyde have been employed to measure the pulmonary circulation 
time. 48 ' 51 

These methods have, for the most part, dealt almost entirely with the 
velocity of the blood flow in the peripheral venous and pulmonary sys- 
tems. Exceptions are to be found in the works of Hamilton, Moore, 
Kinsman, and Spurling, 32 ' 35 of Blumgart and Yens, 52 of Klein and 
Heinemann, 33 and of Robb and Weiss, 45 whose investigations included 
speed of flow of blood in peripheral arteries, as well. No attempts were 
made to estimate the speed of flow of blood in the arteries alone, although 
Blumgart and Weiss did assume that 3.3 seconds are required for the 
blood to flow from the left ventricle to the brachial artery. 

In 1929, Kahler, 5 by timing the occurrence of the warm sensation in 
the tongue, perineum, hands, and feet after the intravenous injection 
of calcium chloride, measured for the first time the velocity of the flow 
of blood in a combined venous-arterial circuit. Lesehke 0 and Katz 7 con- 
firmed Kahler ’s work. In 1936, Spier, Wright, and Saylor 53 utilized the 
same principle by means of a solution containing magnesium sulfate, 
calcium gluconate, and sodium chloride. 

Thus, it is apparent that methods for determining the speed of flow of 
blood in the arteries of man are lacking. It has, therefore, been the pur- 
pose of this investigation to determine, if possible, the speed of the flow 
of blood in both the arteries and the veins of a group of individuals con- 
sidered to have normal circulation, and in groups suffering from oc- 
clusive arterial disease and hyperthyroidism. 

THE SOLUTION AND METHOD OF STUDY 

Constituents of the Solution and Its Mode of Action. — The solution we have used 
is that described by Spier, Wright, and Saylor.ss* It contains 42 gm. of mag- 
nesium sulfate, 16 gm. of calcium gluconate, 0.9 gm. of sodium chloride, and 1.0 
mg. of copper sulfate in each 100 c.c. of distilled water. The reasons for using 
a solution containing these ingredients have been discussed by Spier, Wright, and 
Saylor. The magnesium sulfate is used because of the subjective sensation of 
warmth that it produces, and the calcium gluconate and sodium chloride are added 
to minimize any possible toxic effects of the magnesium salt. Copper sulfate is 
added to the solution solely as a preservative. When this solution is injected 
intravenously, it produces a sensation of warmth or heat throughout the body, 
but particularly, and usually very distinctly and unmistakably, in the throat, 
perineum, hands, and feet. The exact mechanism involved in the production of this 
burning sensation is not known. 

Description of the Method. — Before the test is performed, the subject is care- 
fully instructed what to expect. He is told that something is to be injected into 
his vein, that it will produce a sensation of warmth throughout his body in less 
than a minute, but that separate from this general feeling of body warmth lie 
will feel distinctly a flash of heat in his throat, perineum (crotch), hands, and feet. 
In some instances the subject feels only the flash of heat in the sites mentioned. 

♦The solution was made available through the courtesy of Merck and Co., Rahway, 
N. J. 
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He is requested not to become confused, but to pay close atteutm^ for altl ^ 
the sensation is not exactly pleasant, it is certainly not unpleasant He - mstruoted 
to report immediately the site of the sensation by saying slmipl), tong , 
i ‘ crotch ” “hands,” or “feet.” In a subject with a normal circulation the sense 
tion that occurs in the hands usually appears simultaneously in both. This likewise 
holds true for the feet. The subject is told this, but it is also made cleai that t 
sensation may occur in one hand before it occurs m the other, or m one foot befo 
it occurs in the other. Under these circumstances lie should say, for example, 


“right foot,” or “left foot.” 

Two cubic centimeters of the solution described previously are drawn into a 
3 c.c. syringe which has been fitted with a 20-gauge needle. With the patient 
at rest and the arm at the level of the heart, the needle is inserted into a vein 
overlying the antecubital fossa. After the tourniquet has been released, a pause 
of three to five seconds is made before the solution is injected. This is done to 
allow the circulation to return to its original state in case it has been disrupted 
by the tourniquet or by any mechanical manipulation of the needle. Then the 
solution is injected as rapidly as possible. When the injection is started, the demon- 
strator, or person performing the test, says the word, “go,” and a helper starts 
the stop watch. The stop watch is then transferred to the demonstrator, and as 
the subject calls out the various sites where the sensation occurs, the time is taken 
and duly recorded by the helper. By this means, that is, with the aid of another 
person, we have been able to get more accurate results than if the test were per- 
formed by one person alone. 

Occasionally, especially if the patient is the least bit unstable, the first test 
will be unsatisfactory because of the rapidity with which reactions occur, and be- 
cause, despite explicit and careful instructions, the exact description of the sen- 
sation cannot be fully explained. This result, fortunately, is infrequent, and a 
second test, done within five or ten minutes, may prove to be perfectly satisfactory. 
In the usual case, however, only one test is necessary. 


Definition of Terms . — Wliat has been determined in all these studies is 
the time elapsing between the beginning of the injection into a vein and 
the occurrence of the sensation of warmth in the throat, hands, perineum, 
and feet, respectively. We wish to emphasize that we do not know 
that the sensation of warmth in the hands, for example, indicates that 
the solution injected has just arrived at the hands, but for the purpose 
of simplification we have assumed that this reasoning is correct. Thus 
the expressions “arm to tongue,” “arm to hand,” “arm to perineum,” 
and arm to foot” indicate the time elapsing between injection of the 
solution into a vein at the elbow and the occurrence of the sensation in 
the tongue, hands, perineum, and feet, respectively. Whenever patients 
failed to perceive the sensation of warmth, the designation “blank” has 
been used. Such periods of time as those indicated include the time re- 
quired for the solution injected to pass through the aim vein the su- 
perior vena cava the right side of the heart, the pulmonary circulation, 
the left side of the heart and, finally, the peripheral arteries. 

in this study we have been interested primarily in the speed of blond 
flow m peripheral arteries, hut the test does not give any Sent V 

a».e accuracy. It scents reasonahL’t^ ^ 
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t,ion reaches the tongue, it will have traversed a distance down the aorta 
equal to that between the left ventricle and the tongue. The time re- 
quired for the blood to flow this distance appears to be about one second, 
although we cannot say that this is an established fact, and neither can 
Ave find any direct proof of this. Hamilton, Moore, Kinsman, and Spurl- 
ing 32 have considered that one second is required for blood to travel from 
the jugular vein to the heart. Since the total cross-sectional area of the 
great veins emptying into the right side of the heart is about twice that 
of the root of the aorta, and since the velocity of flow is inversely pro- 
portional to the cross-sectional area, the time required for the blood to 
flow from the left ventricle to the tongue appears to be even less than 
one second. 

Because an unknown factor would be added in calculation of the time 
required for blood to traverse peripheral arteries, we have not included 
the assumed and reasonably correct time of one second required for blood 
to flow from the left ventricle to the tongue in our calculations. If we 
had done so, the “arm-to-foot time,” minus “arm-to-tongue time,” 
plus one second, would give a figure indicating the time elapsing dur- 
ing the passage of the solution from the left ventricle to the feet. 
Since the time required for blood to traverse the distance from the left 
ventricle to the tongue is relatively constant, we have considered that it 
may be included in calculations for comparative purposes. Therefore, the 
“left-ventricle-to-perineum” time, or “ventricle-to-perineum” time, has 
been calculated by subtracting the “ arm-to-tongue ” time from the “arm- 
to-perineum” time. Similarly, “arm-to-hand” time, minus "arm-to- 
tongue” time, equals “ventricle-to-hand” time, and “arm-to-foot” time, 
minus “ arm-to-tongue ” time, equals “ventricle-to-foot” time. It is 
interesting to note that G. N. Stewart, 54 in 1894, used this same principle 
to demonstrate the rate of blood flow from the root of the aorta to the 
crural artery in the rabbit. 

We emphasize again that the periods of time so designated are not 
actual, but subject to the qualifications noted in the foregoing. By this 
method we have made an attempt to evaluate the speed of flow of blood 
throughout the arterial system — from the left ventricle to the hands, 
perineum, and feet. We are fully aware that the figures so obtained are 
not absolutely accurate, and that the designation “ventriele-to-hand” 
time, for example, is not an entirely true one, but we do feel that for the 
first time an attempt has been made to demonstrate the velocity of the 
flow of blood in the arteries of man. 

Value of the Method. — There are certain qualifications which are es- 
sential to a good method of injecting any substance intravenously for 
circulation-time studies. These are enumerated below, and it is our 
opinion that the method we have been using fulfills these requirements. 

1. The substance must he nontoxic in the amounts utilized. Neuwirth 
and Wallace 55 ’ C6 ’ 57 have shown that the narcosis obtained from mag- 
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nesium salts is dependent upon tl.e dosage and aPso^lion of mapicsram 
and the concentration of magnesium m the scrum. io> 
symptoms of depression in the dog appear only when the sera n roa - 
nesium content reaches 5 mg. per 100 c.e„ and that this also holdsttw. 
for man They stated that 0.25 gm. of magnesium sulfate per kilogiam 
of body weight is the minimal effective dose in man, and that such a 
dose will raise tlie serum magnesium to 5.6 mg. per 300 c.c. 

Since the amount of magnesium contained in the solut ion we have been 
using is but 0.84 gm. per 2 c.c., a normal person weighing 70 kg. would 
be receiving but 0.012 gm. of magnesium per kilogram of body weight, 
a safe working margin, and far below the dose, even if repeated man> 
times in one day, required to produce slight depression. The amount of 
calcium injected is small and, we believe, should occasion no concern. 

2. The substance should be eliminated from the system quichly and 
easily, so that repeated tests may be performed • without jeopardizing the 
welfare of the patient. Mendel and Benedict, 58, 50 in their work on the 
paths of excretion of inorganic compounds, showed that there is only a 
small excretion of magnesium sulfate into the intestines following sub- 
cutaneous injection into animals, and that the kidneys arc predominantly 
important in the elimination of the excess magnesium sulfate. Further- 
more, this excretion takes place within forty-eight, hours, chiefly during 
the first twenty -four hours. They showed also that the increased excre- 
tion of magnesium by the kidneys is accompanied by a marked rise in 
the urinary output of calcium. It seems established, therefore, that, the 
principal components of the solution we have injected arc excreted from 
the body probably within twenty-four hours, chiefly by way of the 
kidneys. 

3. The substance should have no effect upon the pathologic condition 
being studied. In our studies, we have perceived nothing to indicate that 
the injected solution influenced the various diseases that some of the 
patients had. 

4. The procedure should in itself be simple, and when the end point is 
subjective it should be comprehended easily by the person on whom the 
test is done. This is true for the test that we have used except under 
circumstances that will be mentioned later. 

Fallacies of the Method. — Objection may be offered to any method 
such as the one we have described, which depends for accuracv on the 
patient s cooperation and ability to signal the sensation. Moreover tin- 
exact mechanism by which the sensation is produced is still undcler- 
mined It is not known whether the sensory nerves are stimulated at, t he 
nstant the blood bearing the solution reaches tlie hand, for example 
i lethei the stimulation occurs some time later. Certainly the soluti 
must stmndate sensory nerve endings either in the walls 'of the vessels 
oi m the perivascular tissues. Whatever the mechanic o nm < 

I* burned for stimulation of the sensory nerves and perccp«r„nh 0 


or 

ion 
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sensation. Although we believe that this “reaction time” is short, the 
method may be criticized because we do not know exactly what the 
reaction time is. To support the accuracy of the method one would need 
to prove that the reaction time is negligible, which we cannot do. If the 
reaction time were known to be constant under the conditions of our 
study, comparative values for speed of circulation could be determined. 
Unfortunately, we do not know that the reaction time is constant. 

Hewlett, 00 Hewlett and Van Zwaluwenburg, 01 Freeman, 62 and Prinz- 
metal and Wilson, 03 by the use of the pletliysmograph, and Stewart, 04 
Taylor, 05 ’ 00 and Pickering, 07 by means of the calorimeter, have made 
valuable observations upon the volume, not velocity, of peripheral blood 
flow. We feel that the disadvantages of the test used by us, namely, that 
it is subjective, and that the “reaction time” is unknown, are out- 
weighed by the advantages, in that it allows us to calculate blood flow 
from the heart to the periphery in terms of speed. 

Reactions . — In this entire study, 634 injections were made into 217 
patients. The safety of the method was demonstrated by the fact that the 
reactions which occurred were very few and mild. In several instances 
in which a small amount of the solution infiltrated the perivascular tis- 
sues, considerable pain and a severe burning sensation, lasting for several 
hours, resulted, but there was no subsequent sloughing or necrosis. 
Venous thrombosis occurred in only two instances. We anticipated no 
trouble from extravascular injection, for earlier -we had injected the 
solution into the extravascular tissues of rabbits’ ears without producing 
reactions other than edema. 

RESULTS OF STUDY 

Normal Subjects . — One hundred sixty-five tests were performed on 
sixty normal subjects. A large number of these tests were carried out 
under “basal conditions,” a term signifying that the subject had been 
at complete rest for at least half an hour, without food for at least 
eighteen hours, and was in a room the temperature of which was kept 
constant. These conditions did not obtain in the group of patients who 
were studied under “uncontrolled conditions.” 

1. Under Controlled Conditions . — The results shown in Table I give 
the frequency distribution and mean of seventy-three tests performed 
on thirteen subjects. The range of the “arm-to-tongue” time is not 
great, and the average, 13.7 seconds, although one second more rapid 
than that reported by Spier, Wright, and Saylor, 53 is nevertheless in 
close agreement with all other circulation time tests that depend upon a 
reaction in the tongue or throat. 

The range of the times for ‘ ‘ arm to hands, ” “ arm to perineum, ’ ’ and 
“arm to feet” was considerably greater, especially so in the case of the 
“arm-to-feet” times. In general, those with the longer “arm-to-tongue 
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times had longer “arm-to-feet” times. In a few instances, but sex on to 
nine seconds elapsed from the time the sensation was perceived m the 
tongue until it was perceived in the feet. In other instances as much as 
forty-three seconds elapsed. That such a variability was possible m dif- 
ferent individuals was at first something of a surprise, but as more and 
more tests were done it was soon noted that such variations were by no 
means rare. In fact, the literature on the time required for circulation 
over shorter distances than from arm to feet indicates that there is a 
wide variation in speed of blood flow in different individuals. 


Table I 

Normal Subjects Under Controlled Conditions 
(Seventy-Three Tests on Thirteen Subjects) 


NUMBER OE TESTS 


TIME IN 
SECONDS 

ARM TO 

TONGUE 

ARM TO 
PERINEUM 

ARM TO 

R. HAND 

ARM TO 

1, HAND 

ARM TO 

R. FOOT 

ARM TO 

T, FOOT 

0-4 

0 

o 

0 


0 

0 

5-9 


0 

0 


0 

0 

10-14 


4 

o 


0 

0 

15-19 


29 

10 


o 

2 

20-24 


20 

2.0 


7 

S 

25-29 

0 


11 


12 

9 

30-34 

0 


13 

12 

7 

n 

35-39 

0 


1 

2 

15 

13 

40-44 

0 


0 

0 

0 

0 

45-49 

0 


0 

0 

4 

4 

50-54 

0 


0 

0 

5 

4 

55-59 

0 


0 

0 

1 

1 

Blanks 

0 


1 

0 

14 

15 

Mean* 

Stan. 

dev.* 

13.70+.20 

2.05 

21.22+41 

5.14 

23.GS+.43 

5.41 

23.00+48 

0.08 

34.2S+S5 

9.73 

34.0+ So 

9.57 


‘Time in seconds. 


In the same individual, however, if the test can be done under condi- 
tions as nearly the same as possible from day to day, little variation is 
noted (Table II). In Case 1, the test was done at the same hour on the 
days as noted. The patient had had no breakfast and had rested for at 
least an hour. In Case 2, the test was done at different hours of the 
day and, although no heed was paid to whether or not the patient had 
eaten, he had been at complete rest for more than an hour. If the values 
for the skin temperature are charted on the ordinates, and the values for 
the arm-to-hand or “arm-to-foot” times arc charted on the abscissae, 
there is shown to be a rough correlation between circulation time and 
skin temperature. 


Studies of the time required for the blood to flow from the left ven- 
tricle to the designated sites arc shown in Table III. In this series of 
cases an average of 7.6 seconds was required for the blood to flow from 
tie left ventricle to the perineum. The values fell largely between five 
and nine seconds. An average time of 9.S seconds was required for Ihe 
° fl0W lrom the lelt TCntrid « to «>o hand, and the variation ra 
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even greater, that is, five to lonrteen seconds. Tins greater «-»»» 
expected, for studies have shown that whereas a number ol .ml us >n- 
fluenee circulation in the hand, the,' probably influence cuonl. at . n to 
the perineum very little. The “vcntricle-to-ioct tunes rove. . .. ho 
wide range, with the greatest, number of values oeeurr.ng between fifteen 
and twenty-four seconds, and with a mean of 20.G and 20.3 seconds foi 
the right and left, foot, respectively. These calculations of t enti lcic-to- 
hand,” 2 * * * * * * * * 1 1 ventriele-to-perincum , ’ ’ and “ vcntriclc-1 o-foot” times are the 
first attempts to determine sliced of arterial eireulation in man, with the 
exception of the study of Blumgart and Weiss, who estimated that, 3.o 
seconds are required for blood to iiow from the left, ventricle to the 
brachial artery. 

Table TIT 


Normal Subjects Under Controller Conditions 
(Seventy-Three Tests on Thirteen Subjects) 


TIME IN 
SECONDS 

! NUMBER OF TESTS 


VENTRICLE 

TO R. HAND 

VENTRICLE 
TO L. HAND 

VENTRICLE 

TO It. FOOT 

VENTRICLE 
TO L. FOOT 

0-4 

G 

5 

4 

0 

0 

5-9 

51 

I 29 

32 

3 

3 

10-14 

14 

34 

32 

7 

s 

15-19 

1 

4 

4 

IS 

10 

20-24 

0 

0 

1 

10 

10 

25-29 

0 

0 

0 

s 

10 

30-34 

0 

0 

0 

4 

3 

35-39 

0 

0 

0 

3 

o 

Blanks 

1 

1 

0 

14 

15 

Mean* 

7.01 

9.SS 

9.7S 

20.01 

20.32 


‘Time in seconds. 


2. Under Uncontrolled Conditions . — The subjects included hospital 
patients, usually at rest in bed, and workers and assistants about the 
laboratory. The tests were done after short periods of rest. 


One hundred two tests were performed on fifty-one subjects (Table 
IV). The results agree favorably with those obtained when the patient 
was under controlled conditions, except that in this group the average 
“arm-to-foot” time was two seconds less. We have no explanation for 
this fact unless it he that most of those tests wci'c done during the warm 


summer months, when the subject’s surface temperature was influenced 
by the environmental temperature, which was greater than that of the 

constant-temperature room. As will be shown in a subsequent publica- 
tion, environment exerts a great influence upon the circulation time to 
the extremities. The skin temperatures of patients who were at rest in a 

constant-temperature room at 25° C. were, as a rule, considerably lower 

than those of patients who were not at rest in a constant-temperature 

room. In the former group, the circulation times were consequently in 

creased. Further analysis reveals that in the “controlled group” no 

sensations were perceived in the right and left foot in fourteen and 

fifteen instances in seventy-three tests, while in the “uncontrolled 
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group” tlie respective figures were twelve and thirteen, respectively, 
in one hundred two tests. The proportionate increase in “blanks”® 
in the “controlled group,” as contrasted to the number that occurred 
in the “uncontrolled group,” may have been due to the lower environ- 
mental temperatures at which the studies in the former were carried 
out. If the mean figures for the “arm-to-foot” times in the “con- 
trolled” and “uncontrolled” series of studies are dealt with statisti- 
cally, no significant difference is found, for 34.28 minus 32.17, or 2.11 
seconds, is less than three times the square root of the sum of the squares 
of the two probable errors, or 1.09. 

Table IV 

Normal Subjects Under Uncontrolled Conditions 
(One Hundred Two Tests on Fifty-One Subjects) 


NUMBER OF TESTS 


TIME IN 
SECONDS 

ARM TO 

TONGUE 

ARM TO 
PERINEUM 

ARM TO 

R. HAND 

ARM TO 

L. HAND 

ARM TO 

R. FOOT 

ARM TO 

L. FOOT 

0-4 

0 

0 

0 

0 

0 

0 

5-9 

5 

0 

o 

0 

0 

0 

10-14 

65 

6 

4 

2 

0 

0 

15-19 

25 

47 

24 

2S 

0 

0 

20-24 

6 

25 

35 

36 

20 

18 

25-29 

1 

15 

IS 

14 

2S 

29 

30-34 

0 

4 

13 

14 

13 

15 

35-39 

0 

1 

5 

4 

7 

6 

40-44 

0 

2 

1 

2 

7 

7 

45-49 

0 

0 

0 

0 

10 

10 

50-54 

0 

0 

0 

0 

3 

2 

55-59 

0 

0 

0 

0 

1 

1 

00-64 

0 

0 

o 

0 

0 

0 

65-G9 

0 

o 

0 

0 

1 

1 

Blanks 

0 

2 

2 

2 

12 

13 

Mean' 5 

Stan. 

dev.* 

13.6S+24 

3.52 

20.99+.37 

5.52 

23.47+40 

6.00 

23.47+.41 

6.09 

32.17±.69 

9.72 

32.02+.6S 

9.4G 


NUMBER OF TESTS 


TIME IN 
SECONDS 

VENTRICLE 1 
TO PERINEUM 

VENTRICLE 

TO R. HAND 

VENTRICLE 

TO L. HAND 

VENTRICLE 
TO K. FOOT 

VENTRICLE 
TO L. FOOT 

0-4 

12 J 

11 

10 j 

0 

0 

5-9 

73 

36 

41 

3 

3 

10-14 

11 

43 

36 

30 

29 

15-19 

4 

10 

13 

26 

27 

20-24 

0 

0 

0 

10 

10 

25-29 

0 

0 

0 

13 

13 

30-34 

0 

0 

0 

5 

4 

35-39 

0 

0 

0 

2 

2 

40-44 

0 

0 

0 

1 

1 

Blanks 

2 

2 

2 

12 

13 

Mean* 

7.28 

9.80 

9. SO 

18.67 

18.48 


*Time in seconds. 


The results of our study of these two groups of normal subjects lead us 
to believe, therefore, that when circulation-time tests are to be done on 
a group of individuals, it matters little whether these individuals are 

*As stated in "Description of Terms,” the term “Wank” is used to designate failure 
of the patient to perceive the sensation of warmth. 
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under absolutely basal conditions or not, for the mean oL the results 
under basal and nonbasal conditions will be insignificantly different. Ob- 
viously, in study of patients not. under basal conditions, they should bo 
given the opportunity to recover from any undue physical effort, and 
excitement and kept as quiet as possible under the circumstances. And, 
naturally, if one is to compare results of repeated studies of one patient, 
the circumstances of the study should be as nearly identical as possible 
each time. 

Thromboangiitis Obliterans . — In Table V are presented the results of 
twenty-tliree tests on fifteen patients suffering from thromboangiitis 
obliterans. These tests were carried out, as a rule, under basal condi- 
tions, although in a few instances the patient had recently had food. 
Analysis of these eases reveals that the “ arm-1 o-tongue” time is very 


TIME IN 
SECONDS 


0-4 

5-9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

Blanks 


Taiii.e V 

Thromboangiitis Obliterans 
(Twenty-Three Tests on Fifteen Subjects) 


number or tests 


ARM TO 
TONGUE 


0 

0 

10 

13 


ARM TO 
PERINEUM 


0 

0 


ARM TO 
R. HAND 


0 

0 


ARM TO 
I.. HAND 


0 

0 


ARM TO 
R. FOOT 


0 

0 


ARM TO 
L. FOOT 


0 

0 

0 

0 

o 


0 

0 

o 



‘Time in seconds. 
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slightly longer than that of normal subjects (Tables I and IV). Whether 
this finding is significant in a small group of cases is difficult to say. 
Spier, Wright, and Saylor 53 obtained similar results. 

The average “arm-to-foot" time is increased slightly in thrombo- 
angiitis obliterans (Tables I, IV and V), and the range is greater. The 
number of “blanks" occurring in the feet in thromboangiitis obliterans 
comprises 45 to 50 per cent of the total number of tests, as compared 
with 19.2 per cent in the normal subjects. Since the perception of the 
sensation in the feet depends in large part on the warmth of the skin, 
and since the extremities in thromboangiitis obliterans are, on the whole, 
relatively cold, the explanation of this occurrence becomes immediately 
evident. 

The average “arm-to-foot" time in thromboangiitis obliterans, 36.1 
and 40.6 seconds, respectively (Table V), is less important than the re- 
sults in individual cases, for the extent of the disease varied widely in 
different cases. We have observed that clinical evidence of marked im- 
pairment of arterial circulation is not necessarily associated with a pro- 
longed “arm-to-foot" circulation time. However, it may be stated as a 
generalization that usually the circulation time is more prolonged in 
cases of severe ischemia than in cases of milder ischemia. 

Our conclusions regarding use of this solution for diagnosis of, and 
prognosis in, thromboangiitis obliterans are that it has no value. The 
circulation time depends upon too many factors, such as the vasomotor 
control of the extremities. A normal person, for instance, may have no 
disease of his arteries, yet his extremities may be cold and the circula- 
tion time to his extremities may be prolonged, or no sensation at all may 
result. 

The effect of fever induced artificially by intravenous injection of 
typhoid vaccine on the speed of blood flow is shown in Table VI. As 


Table VI 

Effect of Fever Induced By Intravenously Injected Typhoid Vaccine on 
Circulation Time in Thromboangiitis Obliterans 


1 

2 

3 

4 

5 

6 
7 


CASE 


Before 

During 

Before 

During 

Before 

During 

[Before 

[During 

Before 

During 

Before 

During 

Before 

During 


fever 

fever 

fever 

fever 

fever 

fever 

fever 

fever 

fever 

fever 

fever 

fever 

fever 

fever 


ARM TO 
TONGUE 


11 

11 

16 

14 
18 
16 
19 
17 

15 
12 
12 
11 

16 
16 


ARM TO 
PERI- 
NEUM 


ARM TO 
R. HAND 


ARM TO 
L. HAND 


16 

15 

22 

20 

21 

23 

33 

32 

23 

19 

19 

15 

26 

27 


TIME IN SECONDS 


23 
IS 
25 
21 
2S 
27 

24 
29 
29 
17 
21 
13 

29 

30 


21 

15 
26 
17 
28 

27 
37 

28 
36 
17 

16 
14 
30 
30 


ARM TO 
R. FOOT 


Blank 

Blank 

Blank 

26 

Blank 

38 
57 
42 
46 

25 

26 
18 
37 

39 


ARM TO 
L. FOOT 


Blank 

26 

Blank 

35 

Blank 

46 

57 

42 

Blank 

32 

2S 

18 

70 

40 
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expected, the results were not uniform, for the degree of vasodilatation 
induced by fever is not uniform in all extremities in thromboangiitis 
obliterans. Usually, however, fever increased the speed of circulation. 

Arteriosclerosis Obliterans .-- What has already been written in regard 
to speed of circulation in thromboangiitis obliterans applies in eases of 
arteriosclerosis obliterans, as well. The results of. the studies are shown 
in Table VII. The average figures for “arm-to-tongue,” “arm-to-lmnd,” 
“arm-lo-perineum,” and “arm-to-foot” times are all prolonged when 
compared with the figures obtained in a study of normal subjects (Table 
IV). Perhaps this indicates a general slowing of circulation in individ- 
uals of advanced age with arteriosclerosis. The percentage of “blanks” 
in the feet was 52 and 41 per cent in the right and left foot, respectively. 

Table VII 

Arteriosclerosis Obliterans 
(Twexty-Sevex Tests ox Thirteen* Subjects) 
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It is to be expected that in these cases the circulation times will he pro- 
longed, and that the percentage of “blanks” in the feet will be relatively 
large. However, in one ease of rather marked sclerosis of the peripheral 
vessels in which both dorsalis pedis and posterior tibial arteries were 
occluded, the circulation time to the feet on two tests was on the fast 
side of normal. And in another ease, in which occlusion of the pop- 
liteal artery had occurred six weeks previous to study, with obvious evi- 
dence of vascular insufficiency, repeated tests showed a more rapid cir- 
culation in the more affected leg than in the other. These experiences 
lead us to question the value of the test in cases of arteriosclerosis 
obliterans. 

Hyperthyroidism . — It is known that in eases of hyperthyroidism the 
velocity of the peripheral venous blood flow is increased. Tables VIII 
and IX indicate that the speed of arterial circulation is also increased. 

Table VIII 

Exophthalmic Goiter and Adenomatous Goiter With Hyperthyroidism 
(Thirty-One Tests ox Fourteen Patients) 


NUMBER OF TESTS 


T 1MJS lJN 

SECONDS 

ARM to 

TONGUE 

ARM TO 
PERINEUM 

ARM TO 

R. HAND 

ARM TO 

L. HAND 

ARM TO 

R. FOOT 

1 ARM TO 

I L. FOOT 

6-4 

0 

0 

0 

0 

0 

0 

5-9 

9 

0 

0 

0 

0 

0 

10-14 

22 

14 

9 

7 

1 

1 

15-19 

0 

17 

1G 

19 

10 

10 

20-24 

0 

0 

5 

5 

6 

6 

25-29 

0 

0 

0 

0 

7 

7 

30-34 

0 

0 

0 

o 

0 

1 

Blanks 

0 

0 

1 

0 

7 

6 


10.39+29 

1 

2.42 

14.93±.34 

2.79 

16.23+39 

3.14 

16.64±.35 

2.S7 

21.29+.54 

3.95 

21.76+64 

4.73 


*Time in seconds. 


Table IX 


Exophthalmic Goiter and Adenomatous Goiter With Hyperthyroidism 
(Thirty-One Tests on Fourteen Patients) 


time in 

SECONDS 

| NUMBER OF tests 

VENTRICLE 1 
TO PERINEUM 

VENTRICLE 
TO R. HAND 

VENTRICLE 
TO L. HAND 

VENTRIC 

TO E. FOOT 

VENTRICLE 
TO L. FOOT 

0-4 

15 

S 

6 

1 

1 

5-9 

16 

22 

25 

9 

9 

10-14 

0 

1 0 

0 

12 

12 

15-19 

0 

0 

0 

2 

2 

20-24 

0 

1 0 

0 

0 

0 

25-29 

0 

0 

0 

0 

1 

Blanks 

0 

1 

0 

7 

6 

Mean* 

4.58 

5.76 

6.25 

10.58 

11.28 


*Time in seconds. 


In exophthalmic goiter and adenomatous goiter with hyperthyroidism 
the average “ventriele-to-perineum” time is 4.6 seconds, the average 
“ventriele-to-hand” time is about six seconds, and the average “ven- 
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tricle-to-foot” time is about, eleven seconds. In normal subjects under 
uncontrolled conditions (Table IV), the average “ventnelc-lo-periucum” 
time is 7.3 seconds, the average “ventriclc-to-hand” time is 9.8 seconds, 
and the average “vent.ricle-to-foot” time is about .1S.5 seconds. Ap- 
parently, the speed of blood flow in arteries and veins is similar; the 
factors that influence the former also influence the latter. 

It. is of interest that an increased volume flow of blood in the arm was 
first noted by Hewlett, and Van Zwaluwcnburg, 01 in 1909, in cases of 
exophthalmic goiter. They stated, “We suspect that this acceleration of 
the peripheral rate of blood flow is a fairly constant feature of exoph- 
thalmic goiter and roughly proportionate to the severity of the dis- 
ease.” That this statement, can be applied equally well to velocity of 
blood flow is shown by our results. The figures indicate, also, less varia- 
bility of results in hyperthyroidism than in normal subjects. 

conclusions 

1. A solution of magnesium sulfate, calcium gluconate, and copper 
sulfate, in a physiologic solution of sodium chloride, may be used safely 
for determination of the speed of circulat ion of blood from an arm vein 
to the throat, hands, perineum, and feet. However, there is no evidence 
that the sensation of warmth produced in the throat, hands, perineum, 
and feet indicates the arrival of the injected solution at these areas, for 
there is a “reaction time.” In this study we have been aware of the 
possibility that this reaction time may be variable, and thus influence 
results, and that, even if it is constant, the figures we have obtained are 
valid only for comparative purposes. However, it appears that much 
information relative to the speed of blood flow in man may be gained 
by this method of study. 

2. The average values obtained in normal subjects under controlled 
conditions are as follows: “arm-to-tongue” time, 13.7 seconds; “arm-lo- 
perineum” time, 21.2 seconds; “arm-to-hand” time, 23.6 seconds; and 
“arm-to-foot” time, 34 seconds. The values obtained in normal subjects 
under uncontrolled conditions do not differ materially from those stated 
above, except that the average “arm-to-foot” time is 32 seconds. 

3. The range of the “arm-to-tongue” time with this solution is greater 
than other “arm-to-tongue” circulation times. The range of the “arm- 
to-hand” time is greater than the range of the “ ann-to-perineum ” time. 
The range of the “arm-to-foot” time is greatest of all. These wide 
ianges demonstrate that the speed of blood flow varies widely in the 
same individual under different conditions, but under similar and basal 
conditions the velocity of flow is remarkably constant. 

4. In eases of thromboangiitis obliterans and arteriosclerosis obliterans 
the speed of blood flow to the hands and feet is usually diminished’ 
usually depending upon the degree of vascular obliteration'. Inconsistent 
results however, lead us to believe that this eirculalion-timc test cannot 
lie used to diagnose occlusive arterial disease. 
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5. In cases of hyperthyroidism the speed of flow of blood is increased 
in the arteries as well as in the veins. 

6. The ventriele-to-perinenm ’ ’ circulation time has been calculated 
by subtracting the “arm-to-tongue” time from the “arm-to-perineum” 
time. Similarly, “arm-to-hand” time, minus “arm-to-tongue” time, 
equals ‘ ‘ ventricle-to-hand ’ ’ time, and “arm-to-foot” time, minus “arm- 
to-tongue” time, equals “ventricle-to-foot” time. These “times” from 
the “ventricle” are of course assumed, but they furnish the first means 
of calculating the velocity of arterial blood flow in man. In normal sub- 
jects under uncontrolled conditions, the average “ventricle-to-perineum” 
time is 7.3 seconds, the average “ventricle-to-hand” time is 9.8 seconds, 
and the average “ventricle-to-foot” time is 18.5 seconds. 
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the bate op the circulation in the arteries and 

VEINS OF MAN 


II. Studies of Hypertension, of Orthostatic Hypotension, and of 
the Effects of Sympathectomy* 

Walter F. Kvale, Edgar V. Allen, M.T>4 and 

Alfred W. Adson, M.D.§ 

Rochester, Minn. 


T HE solution used and the manner of measuring the speed oi circula- 
tion in both the arteries and veins of man have been described in a 
previous communication. 1 In brief, the procedure eonsisls in delevmin- 
ing the time elapsing between the intravenous injection of a solution 
containing magnesium, calcium, and sodium salts and the occurrence of 
a sensation of warmth in the longue, perineum, hands, and feet. I he 
value and faults of the method have been described previously. Ihc 
speed of flow of blood in the arteries carrying blood to the feet, was esti- 
mated by subtracting the “ arm-1 o-tongue” time from the “arm-to-foot” 
time, and in the arteries carrying blood to the hands by subtracting 
"ann-to-tongue” time from the “avm-to-hand” time. 

Although our results are not in exact agreement with those published 
by Spier, Wright, and Saylor, 2 who introduced the use of this solution 
for the determination of the circulation time, we and they have estab- 
lished normal values for the circulation time throughout the vascular 
system. 1 It is the purpose of this publication to report our studies of 
speed of blood flow in essential hypertension, and to demonstrate the 
effect of sympathectomy and orthostatic hypotension on the speed of 
flow in peripheral arteries. 


results and comment 


Essential Hypertension. — Pickering 2 and Prinzmetal and Wilson 4 have 
shown, by means of Stewart’s calorimeter and the plothysmograph, re- 
spectively, that the volume flow of blood in the forearm of the patient 
with essential hypertension is approximately equal to that in the patient 
with normal blood pressure. They made no observations on the volume 
flow in the foot. Steele and Kirk 5 have demonstrated that the tempera- 
ture of the skin of patients suffering from arterial hypertension does 
not differ significantly from that of normal individuals. Williams 0 has 
verified these observations. These observations support indirectly the 
accepte d evidence that there is vasoconstriction in essential hypcrlen- 
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sion, for if this were not present the increased blood pressure would 
increase the flow of blood through the arterioles and thus increase the 
temperature of the skin. 

The average “arm-to-tongue” time of 14.4 seconds for patients with 
essential hypertension in our observations (Table I) compares favorably 

Table I 

Patients With Essential Hypertension 
(Fifty-Eight Tests on Thirty-Seven Subjects) 


NUMBER OF TESTS 


’XiJairt 

SECONDS 

arm to 

TONGUE 

ARM TO 
PERINEUM 

ARM TO 

R. HAND 

ARM TO 

L. HAND 

ARM TO 

R. FOOT 

ARM TO 

L. FOOT 

0-4 

0 

0 

0 

0 

0 

0 

5-9 

0 

0 

0 

0 

0 

0 

10-14 

31 

2 

0 

0 

0 

0 

15-19 

23 

20 

14 

15 

2 

2 

20-24 

4 

18 

24 

23 

5 

5 

25-29 

0 

10 

11 

10 

6 

5 

30-34 

0 

4 

5 

6 

6 

6 

35-39 

0 

0 

1 

1 

11 

12 

40-44 

0 

2 

0 

0 

8 

7 

45-49 

0 

0 

0 

1 

4 

5 

50-54 

0 

0 

0 

0 

3 

3 

55-59 

0 

0 

0 

0 

0 

1 

00-64 

0 

0 

0 

0 

1 

0 

05-09 

0 

0 

0 

0 

1 

1 

Blanks 

0 

2 

3 

2 

11 

11 

Mean* 

Stan. 

dev.* 

14.44±.2G 

2.90 

22.04±.5G 

0.23 

22.83+45 

5.00 

23.36+51 

5.6S 

36.36±.9G 

9.79 

36.79+1.06 

10.82 


^Time in seconds. 


with the time of 13.7 seconds in normal subjects. The circulation times 
to the perineum and hands likewise fall within the range of normal. 
The average “arm-to-foot” time, however (36.4 and 36.8 seconds, re- 
spectively, for the right and the left foot), is about four seconds more 
than the average normal under uncontrolled conditions (32.2 and 32.0 
seconds, respectively), and about two seconds greater than the average 
normal under controlled conditions (34.3 seconds and 34.0 seconds, re- 
spectively). 1 The ‘ ‘ ventricle-to-hand ’ ’ and “ ventricle-to-f oot ” times, 
since they were computed from the above, agree in a similar manner 
with those of the normal subjects (Table II). If the results of the 
fifty-eight tests on patients with hypertension, who were not under 
strictly basal conditions, are compared with the average normal circula- 
tion time under uncontrolled conditions, the difference is statistically 
significant. However, the average ‘ ‘ arm-to-f oot ’ ’ time in essential hyper- 
tension is only about two seconds longer than the average ‘ ‘ arm-to-foot 
time in normal persons under controlled conditions. This difference is 
statistically insignificant. Whether or not the difference indicates dimin- 
ished peripheral blood flow in essential hypertension, we do not know, 
but the figures suggest this possibility. 
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Table II 

Patients With Essential Hypertension 
(Fifty-Eight Tests on Thirty-Seven Subjects) 


NUMBER OF TESTS 


time in 

SECONDS 

VENTRICLE ] 
TO PERINEUM 

VENTRICLE 

TO R. HAND 

VENTRICLE 
TO L. HAND 

VENTRICLE 

TO R. FOOT 

VENTRICLE 

TO L. FOOT 

0-4 

12 

3 

3 

0 

0 

5-9 

33 

35 

33 

3 

3 

10-14 

9 

15 

16 

8 

9 

15-19 

1 

2 

3 

8 

6 

20-24 

0 

0 

0 

11 

11 

25-29 1 

1 1 

0 

1 

9 

9 

30-34 1 

0 

0 

0 

5 

6 

35-39 

0 

0 

0 

1 

1 

40-44 

0 

0 

0 

0 

1 

45-49 

0 

0 

0 

2 

1 

Blanks 

2 

3 

2 

11 

11 

Mean* 

7.53 

! S.43 

9.01 

21.31 

21.97 


♦Time in seconds. 


The Effect of Sympathectomy .— At the Mayo Clinic the usual opera- 
tion performed for the relief of essential hypertension consists of a two- 
stage resection of the splanchnic nerves with partial removal of the 
celiac ganglia and removal of the first and second lumbar sympathetic 
ganglia. 7 ’ 8 This procedure removes sympathetic nerve control of the 
lower extremities. Patients on whom this operation had been performed 
afforded us the opportunity to determine the rapidity of the blood flow 
to the feet in a sympathectomized and unsympathectomized extremity 
simultaneously, since only one side is operated on at one time. It fur- 
ther enabled us to determine the rapidity of blood flow in bilaterally 
sympathectomized extremities. 


So far as we know, the results of our study of the effect of sym- 
pathectomy on the rapidity of blood flow in man are the first to be re- 
corded. Brown 9 has shown, however, that vasodilatation results from 
sympathectomy. Herrick, Essex, and Baldes 10 have demonstrated that 
ie whime flow of blood in the femoral artery of the dog, as measured 
by the thermostromuhr method, is about twice as great on the sym- 
- ° miZGd Slde as on the unsympathectomized side. Freeman 11 lias 
dorsal’ I!?/ ^ pletl ^ smo 8' ra P ] b that ten days after cervico- 

fiow of blood inTl T 7 i 6re i S a rath6r 1Mrked increase in the volume 
tion increases if n^’ and that thls deereases as the time after opera- 

blocked the symmth5r S h d “ hlCreased flow of Wood when he 
„ , • 5 pathetic chain on one side with procaine. His final 

raized hnud'is thfr* If “FT fl °' V bl °° d t0 the sym P at fcetfo- 
tat a „ , " 0t °" ly 0i the release 01 vasoconstrictor in,. 

WiW ZZ e ‘ " l0eal tiSSlW metabolism - Mo-xw and 

^pathecto “ 11101 ' CaS bl °° d fl °"' in the teea ™ 
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The results of twenty-five tests done on thirteen patients with essen- 
tial hypertension, seven to eighteen days after the first-stage sym- 
pathectomy, are recorded in Tables III and IY. The mean “arm-to- 
sympathectomized foot” time was nine seconds less than the mean “arm- 
to-unsympatliectomized foot” time, and the mean ‘ ‘ ventricle-to-sym- 
pathectomized foot” time is also nine seconds less than the mean “ven- 
tricle-to-unsympathectomized foot” time. Unquestionably, sympathec- 

Table III 

Essential Hypertension After First-Stage Sympathectomy 


(Twenty-Five Tests on Thirteen Subjects) 





NUMBER OF TESTS 



TIME IN 

SECONDS 

1 

ARM TO 

TONGUE 

ARM TO 

PERINEUM 

i 

ARM TO 

R. HAND 

ARM TO 

L. HAND 

ARM TO 
SYMPA- 
THECTO- 

MIZED 

FOOT 

ARM TO 
unsympa- 

THECTO- 

MIZED 

FOOT 

0-4 

0 

6 


0 

0 

0 

5-9 

0 

0 


0 

0 

0 

10-14 

15 

0 


0 

0 

0 

15-19 

10 

6 

5 

5 

0 

0 

20-24 

0 


8 

6 

5 

2 

25-29 

0 

6 

7 

6 

8 ! 

2 

30-34 

0 

1 

2 

5 


3 

35-39 

0 

2 


o 


3 

40-44 

0 

0 

: i 

0 


4 

45-49 

0 

0 

i 

0 

0 

3 

50-54 

0 

0 

i 

0 

0 

1 

55-59 

0 

0 


0 

0 

1 

60-64 

0 

0 

0 

0 

1 0 

1 

Blanks 

0 

0 


3 

0 

5 

Mean* 

13.92±.25 

23.8S1.77 

26.0811.24 

23.951.65 

30.121.79 

39.211.60 

Stan. 

dev.* 

t 

1.82 

5.74 

9.18 

4.51 

5.S4 

10.63 


*Time in seconds. 


Table IV 

Essential Hypertension After First-Stage Sympathectomy 


(Twenty-Five Tests on Thirteen Subjects) 


TIME IN 

SECONDS 


NUMBER OF TESTS 


VENTRICLE 
TO PERINEUM 

VENTRICLE 
TO R. HAND 

VENTRICLE 
TO L. HAND 

VENTRICLE 
TO SYMPA- 
THECTOMIZED 

FOOT 

VENTRICLE 
TO UNSYMPA- 
THECTOMIZED 
FOOT 

0-4 

1 

2 

1 

0 

0 

5-9 

16 

10 

8 

0 

0 

10-14 

5 

9 

11 

10 

4 

15-19 

1 

1 

2 

10 

2 

20-24 

1 

0 

0 

2 

3 

25-29 

1 

1 

0 

2 

5 

30-34 

0 

1 

0 

1 

4 

35-39 

0 

1 ~ 

0 

0 

0 

40-44 

0 

0 

0 

0 

1 

45-49 

0 

0 

0 

0 

1 

Blanks 

0 

0 

3 

0 

5 

Mean* 

9.96 

12.16 

10.22 

16.2 

25.5 


♦Time in seconds. 
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tomy increases the speed with whicli blood Hows through arteries. If 
one* calculates the time for blood to How from the iliac artery to the 
feet by subtracting “arm-to-perineum” time from “arm-to-foot” time, 
it appears that blood Hows about twice as fast, in the sympal heel omized 
limb as it does in the normal limb. 


Table V shows the results in eight individual cases. In a very few 
instances there was a difference of but one or two seconds, and in one 
case there was no difference at all. In the great majority of cases, how- 
ever, the difference was large, and in some instances amounted to eight- 
een or nineteen seconds. The subjects who noted differences of speed of 
blood flow to sympathcct omized and unsyinpathecl omized legs were 
firm in their statements that not only was the sensation perceived in the 
sympathectomized leg much sooner than in the unsvmpat licet omized log, 
but that the sensation was likewise more distinct. In several cases in 
which “blanks” resulted before sympathectomy, the sensation was per- 
ceived distinctly after sympathectomy. The average figures of 39.2 
seconds to the unsvmpat hcctomized foot from the arm, and 25.5 seconds 
to the unsympathcct omized foot from the ventricle, in instances of uni- 
lateral sympathectomy, are both greater than the average values in the 
unsympathectomized extremities in normal subjects, 1 and appear to indi- 


Tahi.i; V 


Cumulation Times in Cases of Essential IIvckutension, Showing the Results 
Before and After Sympathectomy 


case 

TIME OF TEST IN 
RELATION TO 
SYMPATHECTOMY 

TIME IN SECONDS 

ARM TO 

TONGUE 

ARM TO 
PERI- 
NEUM 

ARM TO 
R. HAND 

arm to 

L. HAND 

arm to 

R. FOOT 

ARM TO 

L. FOOT 

1 

Preoperative 

9 clays after left 

11 days after right 

10 

1G 

14 

23 

23 

24 

24 

25 

23 

24 

31 

20 

35 

2S 

29 

35 

20 

29 

2 

Preoperative 

8 days after left 

15 days after right 

11 

12 

IS 

17 

19 

23 

15 

23 

2S 

15 

is 

2S 

«'»') 

31 

«>•> 

• Ml 

33 

27 

33 

3 

Preoperative 

7 days after right 

11 days after left 

10 

10 

15 

24 

23 

^ I 

20 

28 

30 

20 

30 

30 

54 

32 

35 

54" 

50 

35 

4 

5 

Preoperative 

7 days after right 

13 days after left 

15 

13 

10 

20 

20 

24 

23 

22 

30 

23 

24 

Blank 

42 

24 

33 

42 

40 

33 

Preoperative 

S days after right 

13 days after left 

11 

12 

13 

17 

19 

10 

Mg] 

m 

20 

24 

IS 

31 

20 

20 

31 

45 

20 

6 

Preoperative 

11 days after right 

9 days after left 

17 

10 

IS 

42 

30 

24 

2S 

22 

2S 

mm 

kI 

03 

33 

39 

59 

49 

30 

7 

Preoperative 

9 days after right 

14 days after loft 

12 

13 

10 

17 

IS 

23 

17 

23 

17 

45 

23 

45 

23 

8 


13 

13 

15 

15 

1 reoperative 

18 days after right 

13 days after left 

14 

12 

11 

2S 

39 

21 

21 

21 

20 

H 

47 

30 

— 5 


19 

19 

■3 
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cate diversion of an unusually large amount of blood to the sympathec- 
tomized side, 'with consequent slowing of blood flow on the opposite side. 

However, the important point is that sympathectomy of one extrem- 
ity increases greatly the speed of blood flow in the arteries of that ex- 
tremity. This increased speed of blood flow seems to be a direct result 
of vasodilatation produced by sympathectomy. An interesting observa- 
tion is that in many instances blood flows faster in an extremity when 
it alone has been sympathectomized, than it does in the same extremity 
after the companion member has been sympathectomized as part of the 
second stage of the operation for hypertension (Table Y). This may 
be due to the reduction of blood pressure caused by the second opera- 
tion. Since the blood pressure has been reduced, blood flows less rap- 
idly because, if the degree of vasodilatation remains roughly constant, 
the volume of blood flow would be directly proportional to blood pressure. 

Table VI 


Essential Hypertension After Bilateral Sympathectomy 
(Thirty-Six Tests on Twenty- Three Subjects) 


TIME IN 
SECONDS 

NUMBER OF TESTS 

ARM TO 

TONGUE 

ARM TO 1 
PERINEUM 

ARM TO 

R. HAND 

arm to 

L. HAND 

ARM TO 

R. FOOT 

ARM TO 

L. FOOT 

0-4 

0 

0 

0 

0 

0 

0 

5-9 

0 

0 

0 

0 

0 

0 

10-14 

15 

1 

1 

2 

0 

0 

15-19 

20 

11 

5 

6 

2 

2 

20-24 

1 

20 

10 

9 

s 

S 

25-29 

0 

4 

11 

9 

11 : 

10 

30-34 

0 

0 

4 

1 

5 

8 

35-39 

0 

0 

2 

4 

6 

4 

40-44 

0 

0 

0 

0 

2 

2 

45-49 

0 

0 

1 

1 

2 

2 

50-54 

0 

0 

1 

0 

0 

0 

Blanks 

1 0 

0 

1 

4 

0 

o 

Mean* 

Stan. 

dev.* 

1 14.8S+.2S 

2.53 

21.14+.42 

3.76 

26.40i.SS 

1 

7.73 

25.03+90 

7.52 

29.61±.7S 

6.91 

29.3Si.S2 

7.26 


*Time in seconds. 


Table VII 


Essential Hypertension After Bilateral Sympathectomy 
(Thirty-Six Tests on Twenty-Three Subjects) 


— 

i 


NUMBER OF TESTS 


TIME IN ) 

VENTRICLE I 

VENTRICLE 

VENTRICLE 

VENTRICLE 


SECONDS 

TO PERINEUM 

TO K. HAND 

TO L. HAND 

TO R. FOOT 


0-4 

11 

2 

4 

0 

u 

5-9 

22 

12 

9 ! 

9 ! 

9 

10-14 

15-19 

3 

0 

15 

3 

13 

4 

11 

7 

10 

11 

20-24 

0 

i 

1 

7 

4 

25-29 

0 

0 

1 

1 

1 

30-34 

0 

2 


l 


Blanks 

0 

1 

* 

0 

u 

Mean* 

6.25 

11.54 


14.72 

14.50 


♦Time in seconds. 
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It is of interest that in thirty-six tests performed on Uv only -three sub- 
jects who had undergone bilateral sympathectomy, ‘ blanks did not 
occur in the feet (Tables VI and VII). This but. demonstrates the 
importance of adequate vasodilatation in the feet before the sensation 
of warmth produced by the injected solution can be perceived. _ 

Orthostatic Hypotension.— -Following; the original observation of 
Brown and one of us (Adson ), 18 and, more recently, those of Roth 18 
and of two of us (Allen and Adson), 1 ’ s that after anterior ihizolomi 
or bilateral subdiaphragmatic extraperitoneal resection of the splanchnic 
nerves, celiac ganglia, and the first and second lumbar ganglia, the blood 
pressure falls and the pulse rate increases when the patient stands, we 
desired to ascertain what, effects, if any, these disturbances had on the 
circulation time. Five patients with orthostatic hypotension and tachy- 
cardia following operation for essential hypertension were studied 
(Table VIII). The test was first done with the patient in the recum- 
bent position after a rest of half an hour. 'Within five to ten minutes 
the patient was allowed to stand, the blood pressure and pulse rate were 
again taken, and the test was repeated with the arm at the patient’s 
side (Table VIII). 

Tabu: YTir 

Circulation Time in Cases op Orthostatic Hypotension Hesultinc. From 
Sympathectomy pop. Hypertension 


case 

BLOOD 

PRESSURE 

PULSE 

RATE 

POSITION 

OP BODY 

TIME IN SECONDS 

arm to 

TONGUE 

ARM TO 

PERI- 

NEUM 

ARM TO 
R. HAND 

ARM TO 
L. HAND 

ARM TO 

R. VOOT 

ARM TO 

i,. poor 

1 

ISO/122 

92 

Lying 

13 

21 

23 

23 

27 

27 


102/S2 

12S 

Standing* 

55 

01 

01 

01 

7 1 

71 

2 

156/112 

S4 

Lying 

15 

20 

25 

25 

31 

31 


112/SS 

124 

Standing 

29 

30 

■IS 

48 

Blank 

Blank 

3 

152/94 

92 

Lying 

33 

17 

39 

19 

25 

25 


84/60 

12S 

Standing 

30 

20 

2S 

2S 

j>o 

32 

4 

106/64 

100 

Lying 

13 

10 

IS 

IS 

20 

20 


00/40 

90 

Standing 

OO 

25 

31 

31 

02 

02 

5 

134/84 

92 

Lying 

10 

15 

17 

17 

0*1 

OO 


74/60 

132 

Standing 

IS 

30 

24 

24 

48 

4S 


fn intnnao K “ u UL , i^uiius. Patient then lay down because or vertiiro mid 

taintness, teactions occurring from time of injection. K0 n 

Two patients with spontaneous orthostatic hypotension were studied 
but no reactions occurred within two minutes' when the patients were 
standing, and consequently had marked decreases in blood pressure 
Surprisingly, when they lay down again, reactions produced by the 
injected solution occurred within about the same time after lying down 
as they did after the moment of injection when the injections were made 
origmaby with the patients lying down. These limited observations on 
spontaneous orthostatic hypotension indicate that the blood was almost 
entirely stagnant in the veins when these two nation Is wov i ' r 
and e lain the marked weakness which prevented SS*r ^ 

tnan two or three minutes. n moie 
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As far as we have been able to determine, the circulation time in 
orthostatic hypotension has not been extensively studied. Prinzmetal 
and Wilson, 4 by the use of the plethysmograph, found no change in the 
volume flow of blood in the arm in a case of postural hypotension with 
the patient in either the lying or standing position. The results of our 
study of orthostatic hypotension resulting from sympathectomy indi- 
cate that the arm-to-tongue, ’ ’ “arm-to-hand, ” “arm-to-perineum” and 
arm-to-foot times are all prolonged when the patient stands and the 
blood pressure is reduced (Table VIII). The marked slowing of the 
circulation in these cases is due to slowing of both venous and arterial 
circulation. For example, in Case 5, the “ann-to-tongue” time was 
increased only eight seconds, while the “ventricle-to-foot” time was 
increased eighteen seconds when the patient stood.* In this instance 
the speed of blood flow was decreased in both arteries and veins. 


CONCLUSIONS 

1. The circulation time in eases of essential hypertension falls within 
normal limits, except that the “arm-to-foot” time is slightly increased. 
We do not know whether or not this indicates diminished blood flow to 
the feet in essential hypertension, but the figures suggest such a pos- 
sibility. 

2. Unilateral sympathectomy for hypertension decreases the circula- 
tion time from the arm to the sympathectomized foot to a value about 
nine seconds less than it is to the unsympathectomized foot. After 
bilateral sympathectomy for hypertension the average “arm-to-foot” 
circulation time, as determined by thirty-six tests on twenty-three sub- 
jects, is about 29.5 seconds, or about three to five seconds faster than 
nonnah This increased speed of flow is attributed directly to vaso- 
dilatation. 

3. In spontaneous orthostatic hypotension there is a marked increase 
in the “arm-to-tongue” time and in the “arm-to-foot” time when the 
patient stands. In orthostatic hypotension which results from exten- 
sive sympathectomy for essential hypertension, the decrease in speed of 
flow of blood occurs in the peripheral veins and pulmonary circulation, 
as well as in the peripheral arteries. 
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THE RATE OP THE CIRCULATION IN THE ARTERIES AND 

VEINS OP MAN 

III. The Influence of Temperature of the Skin, Digestion, Posture, 

and Exercise* 

Walter P. Kvale, M.D.,f and Edgar V. Allen, M.D4 
Rochester, Minn. 

r T' , HE study of tlie effect of physiologic processes on the rate of eir- 
* dilation of blood in man has been limited almost entirely to that in 
the veins, since there was no suitable method for determining the speed 
of blood flow in arteries until Kaliler 1 described his method in 1929. A 
similar method was described by Spier, Wright, and Saylor 2 in 1936. 
They injected intravenously a solution of calcium, magnesium, and 
sodium, and determined the time elapsing between injection and the 
occurrence of a warm sensation in the tongue, perineum, hands, and feet. 
We have used this method and have reported the results of our studies 
in noi'mal subjects and in subjects with various pathologic conditions. 3 ’ 4 
As stated in a previous publication, we believe that information regard- 
ing speed of flow in arteries can be secured by subtracting the “arm- 
to-tongue” time from the “arm-to-foot” time, the result being a figure 
which indicates roughly the " ventricle-to-foot 7 ’ time, that is, the time 
required for blood to flow from the left ventricle to the foot. “Ven- 
tricle-to-hand ” time can be estimated by a similar calculation. 

The method we have used permits investigation of the influence of 
temperature of the skin, digestion, posture, and exercise on the speed 
of flow of blood in the arteries. 


EFFECT OF TEMPERATURE OF THE SKIN ON SPEED OF CIRCULATION 


Effect of Environmental Temperature . — The effect of skin tempera- 
ture on peripheral volume flow of blood was demonstrated by Hewlett 
and Van Zwaluwenburg, 5, 6 in 1910, by Stewart, 7 ’ 8 in 1911, and by Free- 
man, 9 in 1935. 

In our studies the patient was allowed to remain at rest for at least 
one hour, or longer, if necessary, until his blood pressure, pulse rate, and 
skin temperature had attained a basal level. A thermocouple was at- 
tached to each great toe and to the third finger of each hand, and the 


♦Abridgment of thesis submitted by Dr. Kvale to the Faculty of the Gzatnwt 
School of "the University of Minnesota in partial fulfillment of the requnements fo 
the degree of Master of Science in Medicine, 
f Fellow in Medicine, The Mayo Foundation. 

JDivision of Medicine, The Mayo Clinic. 

Received for publication June 20, 1939. 
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temperature of the skin ascertained by means of the Sheard electric 
thermometer. 10 As soon as the control test had been obtained the patient 
was transferred to a room the temperature of which was 5 to 7° C. 
colder (Oases 2 and 4 of Table I). When the patients were subjected to 
the low environmental temperature, sensations usually provoked by the 
injected solution were felt only in the left hand (Case 2) and right 
hand (Case 4), and in both instances the circulation time was increased. 
As we shall show later, failure to perceive sensation is due to decreased 
cutaneous temperature. 

Effect of Reflexly Induced Vasodilatation. — Vasodilatation was pro- 
duced by a body baker after a suitable control period, during which a 
test was performed. Skin temperatures were recorded every minute, 
and after vasodilatation had occurred the test was repeated (Table I). 
In every instance, with the exception of the “arm-to-perineum” time 
in Case 5, the speed of the blood flow was increased. Especially was 
this so in the case of the feet, and in cases in which “blanks” had oc- 
curred with a lowered environmental temperature there were none when 
sufficient vasodilatation had been produced. 

Explanation of So-Called Blanks* — The “blanks” which occasionally 
occurred in this study disturbed us. They were especially frequent in 
the feet. Some of them were due to confusion on the part of the pa- 
tient, who would forget to report all regions ; in these instances repeti- 
tion of the test in five to ten minutes might produce the reaction, but 
there still seemed to be some other factor that played a role in the oc- 
currence of “blanks.” This factor was apprehended gradually as more 
and more tests were done. It was noted that on especially warm days 
there were relatively few “blanks”; that on cold days and in a cold 


Table II 

Ef.fect of Vasodilatation Produced by Application of External Heat on 

Circulation Time 

(Explanation for the Occurrence of “Blanks”) 


| SKIN TEMPERATURE (° C.) [ 

EXPERIMENT 

Rl TOE 

IA TOE 

1 

23.4 

23.4 


34.3 

35.7 

2 

24.3 

24.3 


40.1 

40.4 

3 

30.0 

28.7 


35.0 

34.5 

4 

24.0 

24.2 


38.7 

38.2 

5 

24.0 

24.2 


35.4 

37.7 


TIME IN SECONDS 


ARM TO 
R FOD ' 

Blank 

44 

Blank 

27 

Blank 

32 

Blank 

25 

Blank 

20 


ARM TO 
L. FOOT 

Blank 

44 

Blank 

27 

Blank 

28 

Blank 

25 

Blank 

20 


‘When no sensation is perceived in a foot, for example, after the solution is in- 
jected, the result is recorded as "blank.” 
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room they occurred rather frequently. This led to the observation that 
skin temperature ivas important in the frequency of occurrence oi 
“blanks.” Whenever “blanks” occurred, vasodilatation was induced 
by direct application of radiant beat to the feet and legs. After suitable 
warming of the skin, sensation was perceived routinely (Table II). 

The tonic state of the arterioles in the feet seems to have more of a 
hearing on the perception of the sensation than it does in the hands. 
“Blanks” occur relatively rarely in the hands and perineum, but in the 
feet they are met with in 19 to 20 per cent of instances. There seem 
to he two reasons for this. The feet are usually colder than the hands, 
and the longer circuit to the feet may cause enough dilution of the solu- 
tion so that a sufficiently high concentration of the solution does not 
reach them. 

Vasodilatation in One Extremity . — Since unilateral sympathectomy 
causes blood to flow much faster 4 in the sympathectomized leg than it 
does in the normal one, we investigated the effect of unilateral vasodilata- 
tion induced by heat. The application of external heat to one extremity 
produces vasodilatation not only in that extremity, but also reflexly in 
the other extremities. To overcome this reflex vasodilatation, an ordi- 
nary blood pressure cuff was placed around the thigh of the leg to which 
external heat was to be applied, and was inflated to the level of the dias- 
tolic pressure in order that the venous return might be obstructed. 11 A 
baker was then placed over the leg until there was a difference in the 
cutaneous temperature of the two legs of at least 5° C. The cuff was then 
deflated and the test performed at once. These studies indicate conclu- 
sively that an increased cutaneous temperature is associated with in- 
creased speed of flow (Table III). However, the difference in tempera- 
ture of the skin of the two extremities was not proportional to the dif- 
ference in circulation time. 

Table III 


Effect of Vasodilatation in One Leg on Cumulation Time 


CASE 

TEMPERATURE of 

SKIN OF TOES (° C.) 

ARM-TO-FOOT CIRCULATION 
time (in SECONDS') 

RIGHT 

LEFT 

right 

LEFT 

2 

3 

4 

5 

29.5 

24.5 

29.4 

27.7 

28.2 

3S.0 

31.9 

35.6 

32.8 

34.3 

49 

73 

47 

46 

42 

37 

51 

43 

38 

30 


EFFECT OF TACHYCARDIA ON SPEED OF BLOOD FLOW 

*™ - •• — ... ■#. T“ 
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TIME IN SECONDS 

O p 
* O 

gg 

O t— ! 
CO CM 

co co 

CM t— i 

rH UO 
CO CM 

b- t>» 
CO CM 

G* b- 
CO CM 

rH CD 
CO CO 

ARM TO 

R. FOOT 

O rH 
CO CM 

CO CO 
CM rH 

a io 

CM CM 

C5 b- 
co CM 

\o o 

CO CM 

CD rH 
co co 

O ft 

s * 

CO CO 
CM rH 

O rH 
rH rH 

CO rH 
CM CM 

rH rH 
CO CM 

b- Ci 
rH rH 

o io 

CM CM 

ARM TO 

K. HAND 

rH b- 
CM r-i 

CM lO 
CM rH 

CO rH 
CM CM 

O CO 
CO CM 

CM O 
CM rH 

o o 

CM CM 

ARM TO 

PERINEUM 

CO rH 
rH t-h 

o cd 

CM rH 

CO O 
CM CM 

b- SO 
Cl rH 

r-* O 
CM CM 

CM CM 
CM CM 

ARM TO 

TONGUE 

CO rH 
r-i i— l 

CM CM 

o o 

rH rH 

rH o 

rH rH 

co rH 

rH rH 

CO CM 
rH rH 

SKIN TEMPERATURE (° C.) ! 

ca 

H 

O 

& 

s 

a 

24.7 

30.4 

31.7 

35.0 

31.1 

31.4 

25.9 

26.5 

34.0 

34. S 

30.0 

34.5 

R3 FINGER 

24.4 

30.2 

32.5 

34.7 

32.0 

30.8 

26.5 

28.1 

32.7 

34.0 

30.0 

32.7 

w 

o 

h 

23.5 

25.5 

30.7 
| 33.5 

i 

31.1 

28.6 

26.2 

27.1 

30.1 

31.8 | 

27.8 

27.4 

w 

o 

Eh 

H 

23.5 

25.7 

31.6 

33.9 

31.8 

30.3 

26.5 

28.4 

29.7 

32.3 

26.5 

26.1 

PULSE 

56 

104 

O CO 
so e> 

O CO 
co CO 

00 o 
o o 

rH 

O SO 

CO O 

o o 
co o 

rH 

PROCEDURE 

Control 

t 

Control 

t 

Control 

|t 

Control 

t 

Control 

t 

Control 

t 

EXP. 

T— 1 

CM 

CO 


LO 

co 


♦Experiments carried out in constant-temperature room. 

tone to two hours after the subcutaneous injection of atropine sulfate. 
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in blood pressure were minimal. The temperature of the skin of the 
fingers and toes usually increased somewhat. If we disregard increase 
in cutaneous temperature as a cause for changed speed of circulation, 
tachycardia induced by atropine increased the speed of flow m all in- 
stances except the “arm-to-tongue” time and “ arm-to-lef t-liand time 
in experiment 5, the “arm-to-perineum,” “arm-to-riglit-hand,” “arm- 
to-left-hand, ’ ’ and “ arm-to-lef t-foot” time in experiment 6, and the 
“arm-to-tongue” time in experiments 2 and 3. Blumgart and Weiss 1 - 
also found that the rate of blood flow from arm to arm increased when 
there were conspicuous increases of the pulse rate. 


EFFECT OF EXERCISE ON SPEED OF BLOOD FLOW 

Ellis, 13 in 1932, showed that the arm-to-carotid-sinus circulation time 
in five cases, computed from his tables, was decreased an average of 6.3 
seconds after the subjects had exercised on a bicycle. In our studies the 
circulation time was first determined with the patient at rest. He then 
ascended and descended the stairs (described by Master and Oppen- 
heimer 11 ) for one minute, at the end of which time he was allowed to 
lie down and the test was immediately repeated. In almost all instances 
the speed of flow was increased (Table V). Calculations of speed of 


Table V 


Effect of Exercise on Circulation Time 


CASE 


PULSE 

TIME IN SECONDS 

ARM TO 

TONGUE 

ARM TO 

PERI- 

NEUM 

arm to 
R. HAND 

ARM TO 
L. HAND 

ARM TO 
R. FOOT 

ARM TO 

L. FOOT 

1 

Before exercise 

SS 

10 

15 

18 

17 

22 

20 


After exercise 

140 

S 

11 

14 

17 

23* 

20 

2 

Before exercise 

80 

12 

18 

19 

19 

31 

31 


After exercise 

120 

9 

14 

16 

17 

21 

21 

3 

Before exercise 

80 

11 

16 

20 

20 

26 

26 


After exercise 

104 

4 

7 

13 

13 

22 

22 

4 

Before exercise 

76 

13 

26 

22 

20 

47 

33 


After exercise 

120 

11 

14 

18 

18 

31 

31 

5 

Before exercise 

84 

11 

14 

19 

19 

41 

41 


After exercise 

120 

11 

17* 

22* 

23* 

32 

38 

6 

Before exercise 

80 

12 

18 

19 

19 

31 

31 

— 

After exercise 

124 

9 

14 

16 

17 

21 

21 


♦Indicates prolongation, rather than shortening, of circulation time as a result of 


blood flow from “ventricle to foot,” as described in a previous communi- 
cation, indicate that the rate of flow in the peripheral arteries is in- 
creased as a result of exercise. Perhaps all of the increased speed of 
flow is due to increased cardiac output, associated with tachycardia 


temperature increases speed of ^ow^buT "rf these ^tudie^ chan ‘ ndil r ate lhat cutaneous 
were usually minimal. studies changes in skin temperature 



Table VI 

Effect of Digestion on Circulation Time 


552 


THE AMERICAN HEART JOURNAL 


ri IQ 
CO CM 


CTi ri 
CO CO 


ri Ci 
CO CO 


ri CO 
CO CM 


ri CO 
»Q T* 


r-1 CO 
U0 


co in 

CO 


to in 
co 




ri GC 

rtf CO 


o ft 
^ £ 

w < 
M 
ft? . 


O Ci 
CM r— 1 


co to 
cm ri 


to 

CO CM 


CM 10 
CO CM 


C5 CM 
ri CM 


CM O 
CM CM 


CO Ci 
CM i-t 


CM O 
CO CM 


Ci to 
r-i CM 


o £ 

h g 

a S 

0< 


Ci O 
ri CM 


CM O 
CM r-i 


O Ci 
CO CM 


tO CM 
CM CM 


rtf O 
ri CM 



ARM TO 
TONGUE 

CO CM 
ri ri 

CM ri 
ri ri 

CM ri 
CM CM 

CO *tf 

ri ri 

ri it 1 
ri r— 1 

KIN TEMPERATURE (° 0.) 

02 

W 

§ 

S 

CO 

t>- CO 
CM rtf 
CO CO 

31.1 

33.4 

33.3 

34.2 

32.1 

32.5 

31.6 

31.3 

02 

W 

1 

co 

02 

32.5 

34.4 

CO ITO 

ri »tf 
DO CO 

32.0 

34.0 

31.3 

31.4 

31.5 

31.7 

K 

O 

30.9 

31.6 

29. S 

32.3 

32.0 

32.6 

27.3 

32.8 

27.2 

31.2 







U1 








H 







O 

to o 

tO ri 

CO CM 

t- CM 

o o 



t— • ri 

CO ri 

ri CM 

C$ CM 

CO ri 



CM CO 

CM CO 

DO CO 

CM DO 

CM DO 


02 







W 







02 







P 

* 

* 

* 

* 

* 


P> 

& 

s' 

S 

s' 

S' 

S' 


o 

r-f ID 

l-H ID 

f-« co 

r— < O 

r— H in 




O DO 

o LO 

O CM 

O rtf 


Ph 

U 

U 

. 

4^ • 




a Pi 
o 

3 Pi 
o 

5=1 PS 

O 

£ pi 
o 

rt p: 
o 



Q rH 

O oa 

O rH 

O ca 

O <M 


rtf 


2 

O 


<l> 

a 

.S? 

o 

•*-» 

.2 

3 


> 

0> 

( 1 ) 

X 


ri 

.s 

hfi 

<D 


: ^ 
o 
o 



KVALE AND ALLEN: RATE OF CIRCULATION 


553 


effect of digestion on speed of blood flow 

Herrick, Essex, Mann, and Baldes, 15 in 1934, using a thermoslromuhr, 
showed that tlie volume flow of blood in the carotid, femoral, and mesen- 
teric arteries of dogs was increased during digestion. Their results were 
confirmed by McCracken, Essex, and Slieard, 16 who injected small quan- 
tities of the disintegration products of radon (radium emanation) into 
the jugular veins of animals and noted the time required for them to 
pass to a point in the femoral artery lying in the adductor canal. They 
found that the circulation time in dogs was decreased 12.9 to 45.5 per 
cent during the course of digestion. 

The subjects of our observations were placed in a constant-temperature 
room, without breakfast, and rested for at least an hour and a half, or 
until their blood pressure, pulse rate, and skin temperatures were stable. 
A control circulation time was then obtained. They were then allowed 
to eat a large breakfast, consisting of orange juice, three fried eggs, 
bacon, buttered toast, a sweet roll, and milk. The blood pressure, pulse 
rate, and skin temperatures were then taken as often as seemed neces- 
sary. The height of digestion, which was judged by the maximal increase 
in skin temperature, occurred from an hour and a half to two hours and 
a half after eating. The blood pressure changed insignificantly, the 
heart rate increased four to twelve beats per minute in different sub- 
jects, and the cutaneous temperatures increased somewhat. 


Table Vir 

Effect of Posture on Circulation Time 


case 


PULSE 


ARM TO 

TONGUE 

1 

Lying 

SO 

13 


Standing 

9G 

12 

2 

Lying 

78 

12 


Standing 

92 

15 

3 

Lying 

72 

14 


Standing 

104 

14 

4 

Lying 

64 

12 


Standing 

92 

13 

5 

Lying 

76 

10 j 


Standing 

104 

12 

6 

Lying 

68 

15 


Standing i 

68 

19 

7 

Lying 

92 

12 


Standing 

100 

11 

8 

Lying 

88 

14 


Standing 

96 

13 

9 

Lying 

80 

20 


Standing* 

92 



t 


103 

— - 

t 


13 


*No reaction for ninety seconds^ 
fFrom time of injection. 
tFrom time of lying- down. 


TIME IN SECONDS 


ARM TO 

R. HAND 

ARM TO 
L. HAND 

ARM TO 

n. F OO 

ARM TO 
L. FOOT 

24 

24 

27 

27 

24 

24 

29 

29 

24 

23 

28 

2S 

27 

35 

49 

50 

20 

23 

25 

25 

20 

23 

31 

31 

14 I 

17 

24 

25 

21 

10 

31 

31 

12 1 

17 

25 

25 

21 | 

17 

29 

29 

2 S | 

2S 

45 

45 

48 j 

48 

Blank 

Blank 

23 | 

IS 

31 

31 

18 

IS 

30 i 

30 ' 

23 

23 

33 

33 

23 

23 

38 

3S 

45 

45 

51 

51 

Blank 

Blank 

112 

V)9. 

Blank 

Blank 

22 

22 



ARM TO 
PERINEUM 

Is 

17 

20 

24 
19 
19 
19 

15 
14 
19 

25 
25 

16 
17 
19 
21 
27 

109 

19 

. lay down 



554 


THE AMERICAN HEART JOURNAL 


The results are given in Table VI. In all experiments, except the 
fifth, it will lie seen that the speed of the blood flow was usually increased 
as a result of digestion. 


EFFECT OF POSTURE ON SPEED OF BLOOD FLOW 

The effect of posture on the speed of venous circulation has been fairly 
well studied, 17 ' 20 and the results indicate that the upright posture de- 
creases the rate of venous blood flow. This has been attributed to the 
effect of gravity. 

In our studies, control circulation times were first obtained after the 
patient had lain for a sufficient length of time to allow his pulse rate 
to approach a basal level. lie was then allowed to stand still for five 
to ten minutes before the second test was done. The results of the study 
are shown in Tables VII and VIII. The effect of the upright posture 
on “arm-to-tongue” time was variable (Table VII). The “arm-to-feet” 
time was increased, except in Case 7. The “arm-to-hand” time was not 
consistently changed by the upright posture. Calculation of the “ven- 
tricle-to-f eet ’ ’ time, as described previously, indicates regular slowing 
of the arterial circulation, apparently as a result of vasoconstriction 
resulting from the upright posture (Table VIII). 


Table VIII 

Effect of Posture on Circulation Time 


TIME IN SECONDS 


CASE 


1 

2 

3 

4 

5 

6 

7 

8 
9 



VENTRICLE 
TO PERINEUM 

VENTRICLE 

TO R. HAND 

Lying 

5 

11 

Standing 

5 

12 

Lying 

S 

12 

Standing 

9 

12 

Lying 

5 

6 

Standing 

5 

6 

Lying 

7 

2 

Standing 

5 

8 

Lying 

4 

2 

Standing 

7 

9 

Lying 

10 

13 

Standing 

6 

29 

Lying 

4 

11 

Standing 

6 

7 

Lying 

5 

9 

Standing 

8 

10 

Lying 

Standing* 

7 

25 

t 

6 

Blank 


VENTRICLE 

TO L. HAND 

VENTRICLE 
TO R. FOOT 

VENTRICLE 
TO L. FOOT 

11 

14 

14 

12 

17 

17 

11 

16 

16 

20 

34 

35 

9 

11 

11 

9 

17 

17 

5 

12 

13 

6 i 

18 

18 

7 

15 

15 

5 

17 

17 

13 

I 30 

30 

29 

Blank 

Blank 

6 

19 

19 

7 

19 

19 

9 

19 

19 

10 

25 

25 

25 

31 

31 

Blank 

9 

9 


*No reaction for ninety seconds, lay down with reactions occuri ing. 
tFrom time of lying down. 


CONCLUSIONS 

1. The velocity of the flow of blood in the peripheral arteries of man 
is dependent on cutaneous temperature. Increasing the temperature 
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increases speed of flow, and decreasing cutaneous temperature decreases 
speed of flow. 

2. The speed of blood flow is increased during digestion. 

3. The speed of circulation to the feet is decreased when a patient 
stands erect. This is apparently due to vasoconstriction which occurs 
on standing. 

4. Exercise increases speed of circulation. 

5. Marked increases in the pulse rate, without affecting the blood 
pressure significantly, and with little or no effect on the tenipeiatuie 
of the skin, increase the velocity of blood flow. Minor variations in the 
pulse rate seem to have no effect on the velocity of flow. 
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THE rate of the circulation in the arteries 
AND VEINS OF MAN 

IV. Ax Error in the Sodium Cyanide Method ok Determining 
Speed of Venous Blood Flo\y c 

Walter F. 1C vale, M.D.,f and Edgar V. Allen, MVD.i 
Rochester, Minn. 


M ANY methods have been introduced for studying the rate of circula- 
tion of blood. In this study, attention will be directed only toward 
those methods which have as their signal reaction a characteristic taste 
in the mouth, and the sodium cyanide method, which causes a sudden 
deep inspiration by stimulation of the carotid sinus. In other words, the 
circuit involved includes an arm vein, the right side of the heart, the 
pulmonary system, the left side of the heart, the aorta, and vessels lead- 
ing to the carotid sinus and tongue. 

In the course of other studies, our attention was directed toward the 
fact that reports of those methods which utilize as their end point a 
characteristic taste in the mouth indicated that these methods give 
shorter circulation times than those reported for a method which de- 
pends on stimulation of the carotid sinus, that is, the sodium cyanide 
method. And yet, the distance to the tongue from an arm vein by way 
of blood vessels is greater than the distance to the bifurcation of the 
common carotid artery, which is the site of the carotid sinus. It is, 
therefore, our purpose in this study to present, by injecting appropriate 
solutions intravenously, a study of this difference in time required to 
stimulate the end organs in the tongue and that required to stimulate the 
carotid sinus. 

The normal circulation times, as found by various observers, are 
given in Table I. In every instance except one, 1 the average “arm-to- 
earotid” circulation time, as measured by the sodium cyanide method, 
is greater than the “arm-to-tongue” circulation time determined by any 
one of the other methods. Wood, 2 using the decholin method on twenty- 
five subjects, obtained an average of 13.5 seconds, including the injection 
time. Using the sodium cyanide method on ten subjects, he obtained an 
average of 15.7 seconds. Gargill, 1 using the decholin method on fifty 
normal subjects, obtained an average of 15.9 seconds, not including the 
injection time of 1 to 2 seconds. Using the sodium cyanide method on 
fifteen normal subjects, he obtained an average of 15.6 seconds. So far 


“Abridgment of thesis submitted by Dr. Kvale to the Faculty of ti,„ i . 

t Fellow in Medicine. The Mayo Foundation. 
tDivision of Medicine, The Mayo Clinic. 

Received for publication June 20, 1939. 


557 



558 


THE AMERICAN HEART JOURNAL 


as we know, Gargill’s observations are the only ones in which a close 
correspondence has been found between the “ann-to-tongue” and “arm 
to-carotid sinus” circulation time. 


PROCEDURE 

The method we have used for measuring the “ arm-to-tongue ” circulation time 

"" bee,1 1 a ~ , " hea i P rev ' ous b’. 3 x» brief, it consists in determining 
elapsmg between Hie intravenous injection of a solution containing the salts „ 
magnesium, calc.nm, and sodium into n vein at the elbow, and the occurrence of a 
warm sensation at the tongue or throat. To ascertain how closely the sudden gasp 
produced by the action of sodium cyanide on the carotid sinus synchronizes with 
the sensation of warmth produced by the action of magnesium, calcium, and sodium 
on the reactive organs in the tongue, we mixed the solution described with a solution 
of sodium cyanide, after animal experiments had indicated that such a mixture could 
be injected safely. 

The mixtuie, uhich consisted of i mg', of sodium cyanide dissolved in 0.5 c.c. of 
distilled water and 2 c.c. of the solution we have been using for determining speed 
of circulation, was injected into a vein at the elbow in the usual manner. The 
time elapsing between the injection and the gasp, and that elapsing between the in- 
jection and the perception by the patient of warmth in his mouth were carefully 
noted. 

Table I 


Normal Circulation Time From Injection of Solution Into a Vein of the Arm 
to Reaction Produced by Stimulation of Carotid Sinus (Sodium Cyanide 
Method) or of Nerves of the Tongue (Other Methods) 


OBSERVERS 

YEAR 

METHOD 

RANGE 

(SEC.) 

AVERAGE 

(SEC.) 

Fisliberg, Hitzig and King 1 

1933 

Saccharin 

9-16 


Wohl and Ettelson 5 

1935 

Saccharin 

7.4-20 

13.3 

Brennan 6 

1936 

Saccharin 

12-1S 


Webb, Sheinfeld and Colin 7 

1936 

Saccharin 

6-18 

10.7 

Baer and Slip ak offs 

193S 

Saccharin 

9-16 

12.6 

Hurst and Brand 0 

1936 

Saccharin 

12-16 

12.7 

Kahler 10 

1929 

Calcium chloride 

9-15 


Leschke 11 

1931 

Calcium chloride 

9-13 


Berinskaya and Meerzom 2 

1935 

Calcium chloride 

10-15 

11.5 

Goldberg 18 

1936 

Calcium gluconate 

10-16 

12.5 

Spier, Wright and Say Iom 

1936 

Calcium, magnesium 





and sodium salts 

7-22 

14.6 

Kvale and Aliens 

1939 

Calcium, magnesium 





and sodium salts 

9-23 

13.7 

Baer and Slipakoff® 

1938 

Calcium gluconate 

9-16 

12.7 

Winternitz, Deutsch and 





Briill 15 

1931 

Decholin 

8-14 


Gargill 1 

1933 

Decholin 

15-20 

15.9* 

Tarr, 0 ppenlieimer and 





Sager 16 

1933 

Decholin 

10-16 

13.0 

Wood 2 

1936 

Decholin 

9.5-1S 

13.5 1 

Alvarez 17 

1933 

Endoidine 

12-14 


Neuratli 18 

1937 

Magnesium sulfate 

11-17 


Robb and Weiss 10 

1933 

Sodium cyanide 

9-21 

15.6 

Gargill 1 

1933 

Sodium cyanide 

12.5-18 

15.6 

Wood 2 

1930 

Sodium cyanide 

13-19.5 

15.7 

Kopp 20 

193G 

Sodium cyanide 

34-20.51 

- 


*Injection time not included. 

-(Injection time included. 

(Includes range in twelve of fifteen patients. In remaining three cases, circula- 
tion time was prolonged, for which adequate reasons were given. 
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RKSULTS 

The results of eleven such experiments, performed on four subjects, 
arc shown in Table IT. In every instance, the sensation of warmth in 
the tongue was experienced first, and t lie gasp appeared as the sensa- 
tion of warmth was subsiding or had disappeared. The results were 
unquestionable. The subjects on whom these tests were performed and 
the individuals observing the experiments were impressed by the con- 
stancy with which the sensation of warmth in the mouth preceded the 
gasp. A mean difference of 3.4 seconds was found, with a range of I to 
5 seconds. In other words, the sensation of warmth in the tongue, ap- 
peared, on the average, 3.4 seconds sooner than the sudden gasp. 

Tabu: II 


Comparison* or Ciimteation Times From Arm to Carotid Sinus (Sodium 
Cyanide) and From Arm to Tongue 


SUBJECT 

TIME IN 

SECONDS 

arm to tongue 

ARM TO CAROTID SINUS 

1 

11 

1-1 


33 

IS 

2 

].j 

IP 


1-1 

IS 

3 

13 

.10 


14 

IP 

4 

7 

11 


13 

14 


11 

33 


1-1 

17 


13 

U 

Mean 

12.30 

I 13.73 


Mean difference 3.37. 


CO.MMKXT 

Mention has already been made of the circulation times between arm 
and tongue and arm and carotid sinus, as noted by various observers 
and by us. Attention has been drawn to the fact that, in all reports in 
the literature except one, the “arm-t 0 -tongue’ ’ circulation time has been 
found to be shorter than the “arm-to-earotid” circulation time. And 
yet, the solution must traverse a greater distance to roach Ihc mouth 
than the carotid sinus. 

It is probable that the solution of sodium cyanide reaches the bifurca- 
tions of the carotid arteries before the solution of magnesium and calcium 
salts reaches the mouth, since both traverse the same pathway* As- 
suming that this is true, there appear to be only two explanations for 
7 cyanide time. Either the .sodium cyanide stimulate 

,, Caro “ smus onl - v “'1 °r it Ium arrived at the bifurcation of 
the_earot,d artery, while the first of the magnesium-calcium solution 
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arriving at the site of stimulation is sufficient to call forth a response, or 
the reaction time of the pathway affected by the sodium cyanide is 
longer. It seems unlikely that any two pathways involved, each cul- 
minating in a motor response, would show a discrepancy of three seconds 
in reaction, or traversal, time. It therefore seems probable that a 
summation effect is required for the sodium cyanide to act on the carotid 
sinus. 

The sodium cyanide method has been recommended because it requires 
no cooperation on the part of the patient, yet it can now be demonstrated 
that it is less accurate than the subjective method which we and other 
investigators have used, as far as determination of circulation time 
is concerned. We do not wish to minimize the value of the sodium 
cyanide method, for normal values for it have been established and the 
error in it seems relatively constant. Hence the method may be used 
freely for comparative purposes if it is remembered that it has an 
inherent error. Whatever the explanation, our studies show conclusively 
that the solution which we have used in our investigations gives more 
reliable information about the actual speed of flow of blood from an 
arm to the tongue than sodium cyanide does when used to determine 
the speed of blood flow from an arm to the carotid sinus. 


CONCLUSIONS 


By mixing a solution of sodium cyanide with a solution of magnesium, 
calcium, and sodium salts, and injecting this mixture into a cubital vein, 
it has been shown that there is an error in the sodium cyanide method 
of determining speed of blood flow. The time required for blood to 
flow from an arm vein to the carotid sinuses, as ascertained by injection 
of a solution of sodium cyanide, appears to be about three seconds more 
than the time actually required for blood to flow from an arm vein to 
the carotid sinuses. 
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ANEURYSM OF THE PULMONARY ARTERY 
A Review of the Literature and Report of Two New Cases 

Linn J . Boyd, M.D., and Thomas H. McGavack, M.D. 

New York, N. Y. 

A NEURYSM of the trunk or of the main branches of the pulmonary 
artery is rare. Among 37,757 consecutive autopsies reviewed by 
three groups of workers 1 " 3 not a single case was encountered; no ex- 
amples were observed among 1,671 cases of aneurysm. 3 ' 5 However, 
Crisp 6 noted two instances while compiling a series of 530 aneurysms, 
although he found no record of involvement proximal to the bifurcation 
of the main trunk. Although the combined studies of Henschen, 7 
D’Aunoy and von Ha am, 8 and Jennes 1 would indicate that 122 cases 
of aneuiysm of the pulmonary artery had been reported up to 1936, 
exclusion of instances of dilatation of the pulmonary artery and in- 
clusion of cases previously overlooked would raise the number to a total 
of 139. Up to 1906, in only two cases among forty-six was the correct 
diagnosis made ante mortem, 9, 10 but progressive improvement in roent- 
genologic methods has raised the number of correct diagnoses to twelve 
of the 122 known in 1936, and to twenty-eight at the present time 
(September, 1939). 

If discussion is limited to cases observed since 1833 in which the diag- 
nosis was confirmed by necropsy, 111 examples of aneurysm of the 
trunk or of one or both main branches are available for analysis. The 
figure is obtained by using the statistics of D’Aunoy and von Haam 8 
(omitting cases 16 and 76 of their report, since the smaller branches 
were affected), and adding all other cases reported up to the present 
time (September, 1939). Dissecting aneurysms not arising as a result 
of aneurysm, and simple diffuse dilatation, irrespective of cause or size, 
have been excluded. 

The term “ pulmonary aneurysm” is here limited to those dilatations 
which are the result of, or associated with, actual damage to one or more 
coats of the vessel. Justification for the inclusion of any given case 
rests on autopsy (Table I) or reasonably positive clinical (Table II) 
findings. 

All of the patients included in the latter group were still living when 
the cases were reported. The possibility of confusion with some other 
lesion is therefore not entirely eliminated. However, careful clinical 
study of these cases has been the means of developing useful criteria 
for the recognition of disease of the pulmonary artery, and foi that 
reason a collective analysis seems to be warranted. 

the Department of Medicine, the New York Medical College, Flower and 
Fifth Avenue Hospitals. 

Received for publication Feb. 16, 1939. 

562 



BOYD AND MC GAVACK : ANEURYSM OF PULMONARY ARTERY 563 

Age and Sex .— Males (fifty-five patients) and females (fifty-three pa- 
tients) were equally affected among the 108 patients whose sex was 
mentioned. This 1:1 ratio is quite in contrast to the ratio of 5.6 males 
to 1.0 females observed in cases of aortic aneurysm. 11 The mean age 
for the entire series was 37.7 years, of the females 38.7, and of the males 
37.2. The extremes of age were four years 12 and eighty-two years ; 1S both 
of these patients were females, and the lesions were ascribed to congenital 

malformations. 

The age and sex distribution in 10S cases is shown by the following 


figures 

Age 

0 to 19 

20 to 29 

30 to 39 

40 to 49 

50 to 59 

00 to 09 

70 and over 

Total 

Male 

4 

14 

7 

14 

12 

O 

Q 

55 

Female 

9 

9 

12 

7 

7 

1 

S 

55 

108 

Total 

13 

23 

19 

21 

19 

3 

10 


In addition to indicating the equal sex distribution, the figures are strik- 
ing in another respect. Thirty-four per cent of pulmonary artery 
aneurysms occur before the age of 30, while only 16 per cent, of aortic 
aneurysms arc encountered in t his period; 11 while the sexes arc equally 
affected in the former, 88 per cent of the lalter arc noted in males. A 
similar incidence of pulmonary aneurysm is observed between the ages 
of 30 and 60 (38 per cent), whereas 63 per cent of aortic aneurysms 
occur during this period; 11 although males arc slightly predominant in 
the former, aortic aneurysm is eleven times more common in males in 
this age period. Accordingly, the analysis of age and sox incidence sug- 
gests that different etiologie, functional, and anatomic factors are op- 
erative in the two types of aneurysm. 

Location and Type of Aneurysm . — The Irunk of the artery was in- 
volved in eighty-nine of 111 cases (trunk alone, seventy-five, trunk and 
both main branches, nine, trunk and left branch, five) ; these figures sup- 
port Costa ’s 14 contention that the trunk is affected in approximately 85 
per cent of the cases. Among trunk aneurysms, thirty-six were fusiform, 
forty-one were saccular, and the form of the remainder was not specified. 
The location of the aneurysm in the absence of trunk involvement was 
as follows: both branches, three; right branch, nine; left branch, ten. 
Since no fusiform aneurysms of the left branch have been reported, 
saccular aneurysms predominate in the branches (thirteen left, three 
right). This may account for the observation that left branch aneurysms 
are seen more commonly than right. 1 ® 


Etiology . — The observation that the pulmonary artery is thinner than 
other vessels of equal caliber, and that the elastic and muscular com- 
ponent of the media, especially along the anterior and lateral walls, is 
less abundant, have led to a comparison of ils structure with that ‘'‘of 
a vein.” 0 Moreover, the pulmonary artery seems to parfake of the high 
degree of distensibility which characterizes the lung vessels, presumably 
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because of their low tonus; attention should also be directed to the fact’ 
that the pulse pressure in the lesser circulation exceeds the mean pul- 
monary arterial pressure. 

Direct trauma rarely produces pulmonary artery aneurysm. One 
patient 16 had suffered a crushing injury, and, in two other cases, 17 - 18 dis- 
tortion of the artery by a contracting cicatrix resulting from gunshot 
wounds seemed responsible. 

Congenital anomalies 19 were present in 66 per cent of the cases, and 
were deemed important etiologic factors in 43.2 per cent. Unequal 
division of the truneus arteriosus was evident in at least six, and open 
ductus arteriosus in twenty-four (23 per cent). Although pulmonary 
hypertension occurs in cases of patent ductus arteriosus and has been 
regarded as causative of aneurysm, 20 - 21 patency of this passage is not 
uncommon without aneurysm. Accordingly, it seems reasonable to as- 
sume that some additional lesion, such as superimposed infection or 
atheromatosis, may contribute to the production of aneurysm in this 
group. 3 - 7 - 20 Pulmonary stenosis (thirteen cases) or insufficiency (two 
cases) may be present. In Steiner’s case, 22 infantilism accompanied the 
cardiovascular anomalies. These lesions may be isolated or accompanied 
by pulmonary sclerosis. Patency of the interventricular septum in- 
creases intrapulmonic pressure and can cause arterial dilatation; it 
was present four times. Patency of the foramen ovale (eleven cases) 
was usually associated with more significant lesions (eight cases). Bi- 
cuspid and quadricuspid pulmonary valves, mitral stenosis, hypoplasia 
of the pulmonary artery, hypoplasia of the aorta (5.7 per cent), stenosis 
of the aorta (6.7 per cent), and aortic coarctation were also encountered. 

Nonspecific arteriosclerosis of the pulmonary artery was present and 
regarded as partly provocative in 23 per cent of the cases. 

Although War thin 23 believed that syphilis was responsible in all of 
the fifty-one eases 7 - 24 reviewed by him, this view has not remained un- 
challenged. Peck regarded only twenty-nine cases reported up to 1927 
as possibly syphilitic in origin, and in only twelve of these did syphilis 
seem indisputably related f r ’ however, Karsner 26 has questioned the role 
of syphilis in three of these twelve. Peck 25 also concluded that syphilis 
attacks the main trunk almost exclusively, and only occasionally extends 
to major branches. If this view is valid, it makes the old conception 
of the role of syphilis dubious ; syphilis was supposed to affect the minute 
pulmonary vessels, to induce pulmonary hypertension, and, by con- 
comitant, specific mesopulmonitis, to cause aneurysm. As a matter of 
fact, in only three of Peck’s twenty-nine patients did the macroscopic 
and microscopic changes in the pulmonary artery aneurysm approx- 
imate those customarily seen in aortic aneurysm. However, if the as- 
sumption of D ’Annoy and von Haam is valid (twenty -three syphilitic 
aneurysms among eighty-seven cases), the additions reported since their 
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paper would raise that figure to thirty-three cases (31.7 per cent). The 
etiologie role of syphilis is difficult to understand, for the sex distribu- 
tion is equal, and 88 per cent of the cases of aortic aneurysm, a lesion 
universally regarded as syphilitic in an overwhelming percentage of the 
cases, occur in males. Likewise, some doubt has been cast upon the 
older notion that pulmonary artery aneurysm in young individuals 
(usually in females) arises from a congenital malformation, and that m 
the older patients, who are predominantly males, it is caused by syphilis. 

In eighteen patients infections other than syphilis seemed responsible; 
in seven, rheumatic endocarditis, in six, septic endocarditis, and in five, 
unspecified infection had been superimposed upon a congenital heart 
lesion. 

Clinical Features . — For reconstruction of the clinical picture, twenty- 
eight cases in which the correct clinical diagnosis was reached have been 
added to the 111 cases in which the diagnosis was proved by necropsy. 
Oppenheimer ’s eight cases of idiopathic dilatation of the pulmonary 
artery were excluded because they represent congenital vascular anom- 
alies of the artery, rather than aneurysm. 27 The cases of Eoesler, 28 
Laubry and Thomas, 20 and Taussig et. al., 30 are omitted for the same 
reason. On the other hand, although Jcnnes’ 1 cases may well belong 
to the same group, they are included because it was inferred from clin- 
ical studies that an aneurysm was present. Likewise, the associated 
pathologic changes or complications may overshadow or mimic the signs 
in such a way as to preclude the correct diagnosis. Hcnschcn 7 stated 
that only four of forty-six cases were “pure.” 

Some clarification of the clinical picture may be attained by the 
recognition of two groups of cases: (a) when the trunk is involved, 
exclusively or in combination; (b) when one or both main branches 
are affected. In the first form the complete picture of aneurysm of 
the pulmonary artery, described originally by Bander, 31 in 1765, may 
be seen. It is an aneurysm of signs and symptoms, whereas that of the 
branches is an aneurysm of symptoms. Syphilis was present in 29 per 
cent of the first group and 40 per cent of the second, while congenital 
lesions were equally distributed (43 per cent in each group). 

The subjective symptoms in the two groups are similar. Palpitation 
has been considered the earliest symptom, but is not common (23.S 
per cent). Dyspnea (76.9 per cent) and cyanosis (50.8 per cent) may 
appear early in cases in which there is an associated congenital mal- 
formation, while pain (60.5 per cent) and cough (7S.S per cent) ante- 
date dyspnea and cyanosis in the absence of a congenital lesion. The 
dyspnea is often of the exertional type. A sensation of suffocation 
(4.8 per cent) or of “fullness” (40.3 per cent) in the chest is commonly 
ascribed to mechanical pressure. Precordial pain is not uncommon 
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(36.5 pel* cent), and is, at times, related to pericarditis. Shoulder 
pain with radiation down the arm (11.5 per cent), 32 - 33 and distress in 
the back 34 and in various parts of the chest, associated with thromboses, 
have been reported. Substernal burning or pain (11.5 per cent) may 
or may not be due to an associated syphilitic aortitis. Cough (79.0 
per cent) may be (a) nonproductive when caused by increased medias- 
tinal pressure acting on the recurrent laryngeal nerve; (b) dry and sub- 
sequently productive, from bronchial irritation with or without broncho- 
stenosis; and (c) productive of bloodstreaked sputum or frank hemor- 
rhage resulting from pulmonary thromboses, often multiple. The first 
variety is uncommon, and recurrent laryngeal paralysis has not been 
reported. 

Edema is always a late symptom ; it is slight, recurrent, and usually 
limited to the lower extremities, although ascites is not uncommon. Save 
when syphilis affects a single branch of the artery, pulmonary stasis is 
constant. 

The physical findings have not always been reported. The left side 
of the chest was more prominent than the right in forty-four of forty- 
eight eases. This enlargement was definitely localized to the region of 
the second and third costal cartilages in thirty-two cases, and is ascribed 
to the proclivity of aneurysm to affect the anterior wall of the vessel. 
Twice this development has occasioned detachment and necrosis of costal 
cartilages. A pulsation is observed more commonly in the second left 
intercostal space than elsewhere (64.5 per cent), and is usually at- 
tributed to an associated congenital defect. Fremitus in the same area 
may be either systolic (58.3 per cent) or diastolic (6.2 per cent). A 
diastolic thrill (12.5 per cent), with or without an associated murmur, 
usually signifies a complication, such as endocarditis. Dullness in the 
second left intercostal space (52 per cent) accompanies enlargement 
of the pulmonary conus and the trunk of the artery, which become ap- 
plied to the chest wall as they enlarge. Right-sided cardiac enlargement 
is almost constantly present at autopsy, but it was commonly missed on 
physical examination (recognized in twelve of forty-eight cases). A 
systolic murmur may be most clearly audible in the second and third 
left intercostal spaces (83.3 per cent) ; usually it lias a harsh, sawing, 
or rubbing character, but lacks a definite line of transmission. 

The roentgenologic findings, which have been increasingly helpful 
in recognizing the lesion, may be summarized as follows : 

A. Anterior view’. — There is an accentuation of the middle arch, with 
increase in length and lateral projection. This may assume a globular 
form, and may pulsate if a thrombus has not formed. Extension to the 
right of the right heart border is seen in some cases. The left side o 
the silhouette moves in a “seesaw” manner, with the pulmonary conus 
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area and the ventricular shadow expanding alternately. In such in- 
stances the left border of the heart is formed by the right ventricle only; 
the left has been rotated dorsad. 

B. Right anterior oblique view. — The aneurysmal shadow encroaches 
upon the retrosternal space, usually presenting a knoblike appearance 
in the posterior mediastinum below the level of the aortic arch 
and above the level of the left atrium. Such a picture is seen 
commonly in cases of dilatation of the right main branch, but a 
similar effect can occur when the aneurysmal pouch of the trunk 
develops to the right and in front of the aorta. Indentation of the 
esophagus below the normal aortic impression may result from dirccl 
pressure or transmitted pressure by way of the left, bronchus. 

C. Left anterior oblique view. — Encroachment upon the ventral and 
caudad aspects of the aortic window as a result of aneurysms of the 
trunk and of the left branch will he noticed; less frequently one secs a 
lesion of the right side. 

Differential Diagnosis . — The diagnosis of aneurysm of the pulmonary 
artery seems justified when the following findings are simultaneously 
present: Pulmonary stasis, including dyspnea, cyanosis, oppression of 
the chest, and bloody sputum; prominence of the left side of the chest 
in the region of the second and third costal cartilages; a pulsation, a 
thrill, and a loud, superficial, sawing or rubbing systolic murmur in the 
second left intercostal space; hypertrophy and dilatation of the right 
side of the heart; a weak apex thrust, with dullness not going beyond 
the mammary line; lengthening and lateral projection of the pulmonary 
conus shadow, with the confirmatory roentgenologic signs previously 
mentioned. The electrocardiogram occasionally shows right axis deviation. 

Among the conditions which may be confused with aneurysm of the 
pulmonary artery are aortic aneurysm, patency of the ductus arteriosus, 
idiopathic dilatation of the pulmonary artery, and various congenital 
heart lesions, especially interauricular septal defects. Roentgenologic ex- 
amination usually distinguishes it from aortic aneurysm. Patency of the 
ductus arteriosus may be associated with pulmonary artery aneurysm, 
and a differentiation is impossible when thrombosis exists or when 
aneurysm of the patent ductus is present . 33 The unusually clear and 
sharply defined hilar pattern, with a comma-like appearance of the 
descending branch on the right, and the denseness of the large arteries, 
both in longitudinal views and cross section, are invaluable signs of 
idiopathic dilatation of the pulmonary artery. Although it may occur 
m other conditions , 28 the so-called “hilar dance ” ao is particu'arly prom- 
inent in cases of diffuse dilatation of the pulmonary tree. McGinn and 
White 78 found that an interauricular septal defect was of clinical sig- 
nificance in seven cases ; it existed alone in one patient, and in associa- 
tion with patency of the ductus arteriosus in five persons with or with- 
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out other concomitant anomalies. While the roentgenologic findings in 
such cases may suggest aneurysm of the pulmonary artery, Ts the ab- 
sence of murmurs, the right axis deviation, the late cyanosis, and “para- 
doxical embolism” are helpful in distinguishing the two lesions. The 
presence of bulging, the type of pulsation, and the thrill and murmur 
usually serve to differentiate aneurysm of the pulmonary artery from 
other congenital malformations except patency of the ductus arteriosus. 

CASE REPORTS 

Case 1. — A Portuguese, 42 years old, on admission to the hospital July 27, 1937, 
stated that he had “brought up one quart of blood” ten days before. During the 
preceding three months his weight had decreased about twelve pounds. For six weeks 
lie had suffered from a dry, hard cough and continuous, dull, occasionally knifelike 
pain in the back between the shoulder blades, usually referred to the left side, less 
frequently to the right or to the epigastrium, and aggravated by deepened respiratory 
movement. Following the hemoptysis he became markedly dyspneic, but this abated 
gradually during the several days prior to admission. 

The patient’s past history included chicken pox in childhood, “bilious fever” 
while in Africa in 1912, a middle-ear abscess in 1925, and “gassing” during the 
World War. He denied venereal infection. He had been married three years, and his 
wife had had no pregnancies. He had used a package of smoking tobacco daily for 
the preceding sixteen years and drank wine moderately. 

Physical examination disclosed a well-proportioned, fairly well-nourished man, 
with no palpable enlargement of any of his lymph nodes. His chest was sym- 
metrically developed, with bilaterally equal respiratory expansion. There was slight 
dullness to percussion posteriorly, extending outward from the root of the left lung. 
The breath sounds were normal. The heart was normal in size, shape, and position. 
The blood pressure was 95/60, the pulse rate, 88. 

The patient has been continuously followed to date (September, 1939), either in 
hospital or clinic. 

The blood count on several occasions has been always within normal limits. His 
blood Wassermann, Kalin, and Lauglilin reactions have varied from strongly to 
moderately positive (4 plus to 2 plus) under antisyphilitic therapy. Urinalyses have 
been essentially negative. The sedimentation rate showed a 4 mm. drop in fifteen 
minutes, and a 40 mm. decrease at tlie end of one hour. His blood sugar, nonprotein 
nitrogen, and creatinine values, in mg. per cent, were 78.0, 31.5, and 1.7, respectively. 
His sputum has been repeatedly negative for tubercle bacilli. The fractional gastric 
analysis showed nothing abnormal. 

Repeated bronchoscopic examinations revealed some edematous swelling of the 
aryepiglottic fold, and a smooth, indurated, pale red surface, with three small, 
circular depressions on the floor and medial wall of the left bronchus immediately 
below the bifurcation and pointing toward the mediastinum. The consistency of this 
wall was very firm and immobile. A piece of hard, elieeselike tissue was removed 
from this area. Histologic examination failed to show any evidence of malignancj 
or inflammatory change. The electrocardiogram showed no' significant changes. 
There was no right axis deviation. 

Frequent roentgenologic examinations (Fig. 1) of the chest in various positions 
demonstrated a sharply demarcated, nonpulsatile mass in the left hilar region. The 
periphery of the lung was normal in appearance. Thoracoscopy showed that the 
mediastinum was entirely free. The structures in the interlobar fissure and peripheral 
to the liilum were not visualized. 
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When all findings were considered, it was believed that the patent iru suffenng 
fr0 m a primary carcinoma in the hilum of the left lung which had not rnfilt ated 
peripherally to any appreciable degree. The case was therefore deemed ideal 
lobectomy, and on Oct. 19, 1937, this operation was performed under tracheal an- 
esthesia. In the region of the hilum there was a pulsating and expansile aneurysmal 
mass about the size of a small orange. This aneurysm seemed to extend into the 
lower lobe and protruded also towards the hilum and immediately posteriorly; it Mas 



C. 

Fig. 1A, Case 1. — Anteroposterior view, showing very large shadow, extending 
from the left pulmonary conus, which had no expansile pulsation. 

Fig. IB, Case 1. — Right oblique view. Note the large aneurysmal shadow between 
the aortic arch and the left atrium. 

Fig. 1C, Case 1. — Anteroposterior view- following artificial pneumothorax, more 
sharply outlining the aneurysm of the trunk and left branch of the pulmonary artery. 


completely frozen and adherent to the first part of the descending aorta. The attach- 
ments to the aorta u T ere so intimate that no line of cleavage could be found. It M T as 
decided, therefore, not to attempt any type of surgical treatment of the aneurysm 
or its sac. The question whether it urns an unusual form of aortic aneurysm was 
raised. At a later date, roentgenologic visualization of the heart and great vessel 
areas by the method of Robb and Steinbergs demonstrated conclusively that the 
aneurysm was located on the left main branch of the pulmonary artery. 

Following thoracotomy the patient’s course was relatively uneventful. The 
artificially produced pneumothorax disappeared within reasonable time, but the 
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patient S pam persisted to suck an extent that paravertebral injections of alcohol. 

Tom the third to the ninth dorsal nerves, inclusive, ivere finally resorted to on 

N ° V - 1S > 1937 ’ and re P eated * T ° V - 30, 1937, in the region of the seventh and ninth 
roots. 


His chest pain, still present on discharge from the hospital Dec. 1, 1937, did B ot 
entirely subside until late m February, 193S, since which time he has been reasonably 
asymptomatic. To date, Sept. 5, 1939, he has had the following antisyphilitic treat- 
ment: mercuric salicylate, one injection, 0.015 gm.; bismuth subsalicylate, 60 injec- 
tions, 1 c.c. each; potassium iodide, 45 minims three times daily for three periods of 
approximately one month each, and sodium iodide intravenously, 2 gm. three times 
weekly for a period of two months. 

file patient has shown gradual, constant improvement, and presents no complaints 
at the present time. Both his dry, harassing cough and his chest pain have com- 
pletely disappeared. Roentgenograms show no appreciable change in the size of the 
shadow east by the aneurysm. There are no cardiac changes secondary to the 
aneurysm. 

COMMENT 


A lesion confined entirely to tlie left branch of the pulmonary artery 
with autopsy confirmation of the diagnosis has been observed in eleven 
cases. The diagnosis has been made clinically in two others. 37 ' 38 Opera- 
tion for presumed tumor of the lung has been performed in one other 
ease, 39 in which, however, the lesion involved the trunk as well as both 
branches of the artery. Hemoptysis as the first symptom of syphilis of 
the pulmonary artery has been stressed by Brenner 40 and by Laubry and 
Thomas, 29 who described two such cases. In these the symptoms wert 
secondary to small multiple thrombi which, in turn, were ascribed to a 
diffuse syphilitic arteritis. Karsner 26 found thrombosis in seven of 
eleven eases of syphilis of the pulmonary artery. The long course which 
our patient has had, with the marked improvement under antisyphilitic 
medication, would suggest a smilar origin for ins initial manifesta- 
tion, hemoptysis. Our Case 1 proves to be an exception to Peck’s-' 
statement concerning the location of syphilis in the pulmonary artery. 
Moreover, there is reasonable proof that nine of the twenty-five aneu- 
rysms mentioned as affecting one of the main branches of the pulmonary 
artery were of syphilitic origin. The operative findings, the positive 
Wassermann, and the response to antisyphilitic therapy leave little 
doubt as to the character of the saccular lesion in the foregoing ease. 

Case 2. — A. 61-year-old white man, nine months before admission to the hospital 
on June 1, 1938, noticed severe pain in the upper left chest, with radiation to the 
angle of the scapula on that side. He gave no history of immediately preceding 
strain or infection and had been able to pursue his occupation as a painter until the 

onset of the pain. 

His past history was essentially negative; in particular, there was nothing which 
might suggest either congenital or acquired heart disease. 

■Physical examination revealed a well-developed and well-nourished man who had 
marked hardening of all visible and palpable peripheral arteries. His area of cardiac 
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dullness was enlarged in the second and third intercostal spaces to the left. Definite 
prominence of the left third rib and of the second and third intercostal spaces, with 
marked pulsation in the latter, was noted. A marked systolic thrill was felt in tins 
area, and a loud, harsh, but low-pitched, systolic murmur could be heard. The blood 
pressure was approximately 130/75 in both arms, and the heart rate was 92. The 
blood Wassermann was strongly positive (4 plus). His electrocardiogram revealed 
right axis deviation. The main deflection was slurred in all leads except Lead II. 
T was very low in Lead I, very high in Lead III, and inverted in Lead IV. The 
teleroentgenogram (Fig. 2) showed a dilated conus arteriosus, with a semilunar 
shadow the size of a peach or small apple superimposed upon it and extending into 
the left lung field. The aorta could be distinctly separated from this shadow through- 
out its entire course. There were calcified plaques along the right border and over 
the pulmonic curve of the heart. 



A. b. 

Fig. 2 A, Case 2. — Anteroposterior view, showing the rounded shadow extending out 
from an already prominent pulmonary conus. 

Fig. 2 B, Case 2. — Right oblique view, showing aneurysmal dilatation of the pul- 
monary conus and extension of the aneurysm along the left pulmonary branch. 

COMMENT 

In view of the positive Wassermann, the absence of preceding heart 
disease, and the apparent rapidity with which the lesion developed, 
syphilis would appear to be the most likely etiologic factor in this ease'. 
While the patient’s age was above the average, it must be remembered 
that Gouley 41 has seen three cases, in which syphilis was proved to be 
the cause of the aneurysm, occurring in individuals between the ages 
of 59 and 70. The oldest autopsied patient whose lesions were considered 
to be syphilitic was a woman 75 years of age. 42 In six of thirty-three 
reported cases of syphilitic aneurysm in which an autopsy was per- 
formed the patients were over 60 years of age. An underlying con- 
genital defect seems unlikely in the present instance, although Weischer 12 
ound patency of the ductus arteriosus and congenital aortic stenosis in 
a WOnan ’ 62 years old, who had previously shown no evidence of con- 
genital heart disease. The calcified plaques demonstrated roent®en- 
o ogirally m Case 2 could have occurred as a secondary result of cither 
sypmhs or pure arteriosclerosis. 
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The age, mode of onset, clinical course, and physical and roent- 
genologic findings were in sharp contrast to those in Case 1. The mode 
of onset resembled that seen by Fowler, 32 and, as in his case, there was 
no previous history of heart disease. 

In the two cases described in the present report, the aneurysms were 
similar only in that apparently they were both of spirochetal origin. 
Otherwise, on the one hand we have an aneurysm of symptoms with the 
lesion completely localized to a branch of the artery, and, on the other, 
involvement of the trunk of the vessel with its accompanying diagnostic 
group of symptoms and physical signs. 

SUMMARY 

1. A statistical survey has been made of the clinical and pathologic 
features of 111 cases of aneurysm of the pulmonary artery in which the 
diagnosis was confirmed b.y autopsy. 

2. Some of the features of thirty cases in which a clinical diagnosis 
of aneurysm of the pulmonary artery was made have been summarized. 

3. Two cases of aneurysm of the pulmonary artery are reported. 
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CARDIAC METASTASIS PROM MALIGNANT MELANOMA 

Report of Pour Cases 

V. Moragues, M.D. 

St. Louis, Mo. 

M ETASTATIC tumors of the heart are rare. Nicholls 1 tabulated 
the figures given by a number of authors and found that of a total 
of 36,980 autopsy cases of carcinoma there were metastases to the heart 
in 109, or 0.29 per cent. Scott and Garvin 2 report that in a series of 
11,100 consecutive autopsies performed at the Cleveland City Hospital 
there were 1,082 cases of malignant disease ; the heart, including the 
pericardium, was involved by metastatic tumor in 118 cases, an inci- 
dence of 10.9 per cent. Among these cases there were ten malignant 
melanomas, five of which metastasized to the heart. Lymburner 3 states 
that from 1915 to 1931, in a series of S,550 autopsies at the Mayo Clinic, 
there were thirty-six secondary carcinomas and sixteen secondary sar- 
comas of the heart; six of the tumors were pigmented. Stout, 4 in his 
book on cancer, states that at the Presbyterian Hospital of New York 
one primary and fifteen secondary tumors of the heart were found in a 
series of 1,171 autopsies over a period of ten years ; no mention is made 
of melanotic tumors. Chayka, 5 in 1937, reported five cases of cardiac 
metastasis, none of which was melanoma. 

A complete review of the literature reveals reports of only twenty- 
three cases of malignant melanoma with cardiac metastasis. Here we 
present four additional cases of cardiac metastasis from malignant 
melanoma which were observed in the Saint Louis University group 
of hospitals. 

Case 1. — Mrs. M. V., 30 years of ago, had had a pigmented nevus removed from 
the posterior aspect of the right ealf seven months earlier. On physical examination 
the lungs and heart were negative. A scarred area was found on the posterior sur- 
face of the right calf, with small, pigmented nevi surrounding it. In the right 
femoral region there was a hard mass, 5 cm. in diameter, which was slightly tender, 
reddened, could not be reduced, and was fixed to the surrounding tissues. Enlarged 
lymph nodes were palpable around the mass. Biopsy revealed that the tumor was a 
melanocarcinoma. 

At autopsy the body was found to be well developed, but showed some evidence 
of recent emaciation. Nothing remarkable was noted on examination of the head, 
neck, chest, and abdomen. In the right calf, near the popliteal fossa, there was a 
scarred area, the site of a previous cauterization of a pigmented mole. The peri- 
cardial cavity was normal in size and contained about 20 c.c. of straw-colored fluid ; 
the serosa lining it was smooth and glistening throughout. The exterior of the peri- 
cardium was studded with small white nodules ranging from the size of a pinhead 
to tllat a dime. The heart was about tliree-fourtlis the normal size, and its 
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musculature was rather flabby. The epicardial suiface was smooth and glistening. 
The left ventricle was slightly enlarged. In. the endocardium of the left ventiicle 
there was a small grayish mass about 4 mm. in diameter. Tlieie was nothing re- 
markable about the aortic, tricuspid, or pulmonary valves. The edges of the mitral 
valve were only moderately tliiekened. 

On microscopic examination, the heart muscle was found to be the seat of ad- 
vanced albuminous degeneration with moderate fragmentation and segmentation of 
the fibers and some interstitial scarring. Just underneath the endocaidium there was 
a metastatic nodule of carcinoma cells of the pigmented type, most of which were 
polyhedral and contained a small amount of pigment (Fig. 1). 

The anatomic diagnosis was malignant melanoma of the skin of the right popliteal 
fossa, with metastases to heart, lungs, liver, kidneys, and inguinal and iliac lymph 
nodes. 



Pig'. 1, Case 1. — The tumor cells are polyhedral and contain a small amount of pigment. 

Case 2. — Mrs. S. L. A. was 69 yeais of age. About five months eailier she had 
had a melanotic whitlow on the right thumb, which was incised. A short time after 
the incision the finger became painful, and a tumor appeared and rapidly increased 
in size. The mass was incised again, and, after roentgen therapy, it had been decided, 
two and a half months before admission, to amputate the light thumb. Since 
that time the patient had had marked weakness and loss of appetite, together with 
pain or discomfort throughout the body resulting from numerous small nodules 
which appeared in the skin. Examination of the lungs disclosed decreased intensity 
of the breath sounds in the right upper lobe. Examination of the heart showed 
nothing abnormal. A mass measuring about four by six inches was palpable in the 
epigastrium. There were numerous subcutaneous nodules over the back and abdomen, 
and especially in the axillae. 

At autopsy the body was cachectic. Throughout the skin theie weie many nodules 
of various sizes and shapes, rounded, and raised above the surface, with a dark bluish 
or purplish discoloration. These nodules were most numerous about the chest, shoul- 
ders, and abdomen. They were less prominent on the extremities, but some could be 
found even in the scalp. In the mandible in the region of the right canine tooth, 
which was missing, there was a medium-sized tumor nodule of soft consistency and 
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a bluish color. The pericardial cavity contained about 4 c.c. of a thin, clear, yellow- 
ish fluid. The heart was of average size; its epicardial surface was studded with 
dark nodules of various sizes, resembling those on the skin. The coronary arteries 
were slightly tortuous and thickened with fibrous tissue. All of the valve leaflets 
were thin and filmy. The myocardium was riddled with numerous nodules of the same 
kind as those mentioned above. 

On microscopic examination, the muscle fibers were pale, granular, and degen- 
erated. Spread in between the muscle fibers there were numerous clusters of 
metastatic tumor cells, most of which were necrotic and degenerated. Many of these 
tumor cells contained considerable quantities of a golden-brown pigment. Most of 
the cells were spindle-shaped and did not show any particular arrangement; they 
had invaded the myocardium extensive!}' (Fig. 2). 



Eig. 2, Case 2. — The tumor cells are mainly spindle-shaped and contain much pigment. 


The anatomic diagnosis was malignant melanoma of the right thumb (sub- 
ungual), with metastases to heart, lung, aorta, liver, intestine, pancreas, kidney, and 
adrenal. 

Case 3. — Mr. J. Q., a white man, forty-four years of age, had begun to notice 
numbness and paresthesia on the left side of the body and in upper legs and arms 
about seven or eight months previously. He had had severe cramps in the calves of 
both legs. Three weeks before admission he began having headaches (frontal and 
occipital) which increased in severity and were accompanied by nausea and vomiting. 
His vision was poor, and lie had diplopia. At rest, the right palpebral fissure was 
narrower than the left. Ophthalmoscopic examination showed blurring of the disc 
margins, with papilledema, and congestion of the veins of the fundus of the right 
eye. The fundus of the left eye was normal. The neck and chest were normal. The 
abdomen was tender to pressure, and there was muscular rigidity in the right upper 
quadrant and right flank. There were no palpable masses. Neurological examination 
Slowed that the patient was confused and disoriented. Examination of cranial nerves 
/n r> ^ 5 > c > 8 > !) > 10, 11, and 12 showed nothing abnormal. Vision in right eye 
( • -V.) was reduced to 20/40; vision in the left eye (O.S.V.) was normal, 20/15. 

iere was weakness of the lower facial muscles on the right side. Although the 
pa lent was right handed, his gripping power was less on the right than on the left. 
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The finger-to-nose test showed that there was proximal afferent ataxia in the right 
arm. The abdominal reflexes were active and equal. Tim patellar reflexes were 
equal and normal. The heel-to-toe test showed that sense of position was unimpaired 
in the lower extremities. The urine was clear, acid in reaction, and contained neither 
albumin nor sugar. The erythrocyte count was 4,630,000, the hemoglobin 32.5 gm., 
and the leucocyte count 9,200. The blood Wassermann and Kahn reactions were 
negative. The nonprotein nitrogen content of the blood was 30 mg. per cent, and the 
blood sugar value 96 mg. per cent. The spinal fluid was clear, but contained 70 
lymphocytes per c. mm. ; the Queckenstedt test was positive. The patient was operated 
on for brain tumor. The immediate postoperative condition was fair, but the day 
before death his condition changed for the worse. 



Fig. 3, Case 3. — The arrows point to metastatic nodules of melanoma in the myo- 
cardium. 

At autopsy the body was that of a well-developed, poorly nourished white man 
who appeared older than he really was. Rigor mortis had set in. Hypostatic con- 
gestion was present. There was edema of the entire scalp. Two recent wounds were 
found in the right occipital region. The left sclera and conjunctiva showed evidence 
of hemorrhage; the right were normal. The pupils were slightly dilated, and equal. 
The neck, chest, and abdomen were negative. The pericardial cavity contained about 
5 c.c. of a greenisli-yellow fluid. The heart was of normal size, but the walls weie 
slightly thinned. There were four small, black, flat, smooth tumor growths, about 
% cm. in diameter, in the myocardium of the left ventricle. There was slight thick- 
ening of the wall of the aorta. The coronary vessels were normal. The valve leaflets 
were thin, filmy, and intact. The epicardium was normal throughout. In the medi- 
astinum there were several small tumor nodules, the largest of winch measured o% 
to 4 cm. in diameter. The brain contained a large number of round, black, metastatic 
nodules which varied from % to about 4 cm. in diameter. The largest nodule, about 
4 to 5 cm. in diameter, was present in the right temporo-occipital region. 

Microscopic examination of sections taken from the heart muscle showed a marked 
degree of edema and congestion throughout, some increase in segmentation and 
fragmentation of the muscle fibers, and a moderate degree of brown atrophy of the 
myocardium. In the section there was a large, metastatic nodule formed by large, 
epithelial-like cells which were polyhedral and contained much brown pigment inside 






MORAGUES: cardiac metastasis prom melanoma 


583 


the cytoplasm (Fig. 4). This pigment proved to be melanin, and the nodule was a 
metastatic melanoma. Different sections taken from the brain showed multiple 
metastatic nodules of melanoma, consisting of large, epithelial-like, liyperchromatic 
cells laden with brown pigment which did not give the Prussian blue reaction. Most 
of the cells were atypical, grew irregularly, and showed many mitotic figures. 

The anatomic diagnosis was malignant melanoma, with metastases to lungs, heai t, 
brain, liver, stomach, both kidneys, bladder, and omentum; the primary growth was 
most probably in the medulla of the left adrenal. 



Fig. 4, Case 3. — The tumor cells are for the most part polyhedral and contain much 

pigment. 

Case 4. — Mrs. S. S. was a colored woman, 39 years of age, who walked into the 
hospital on June 25, 1938. She complained of severe pain in the left side of the 
head of two years’ duration. She also complained of numerous tender and enlarged 
lymph nodes which were distributed over the entire body. The patient had had a 
small tumorlike mass removed from the left parietal region about one year before. 
The operative wound had been slow to heal. She had received roentgen therapy. 
Examination revealed a well-developed and well-nourished woman, lying in bed in 
some distress. On the left side of the head there was an old operative scar, the 
result of the extirpation of the tumor mass mentioned above. There was increased 
intraocular tension in both eyes, and at times the sight was impaired. The pupils 
reacted slowly to light and in accommodation. There were several large, firm lymph 
nodes in the anterior cervical region; similar masses were also present in the chest. 
A loud systolic murmur w r as heard at the mitral and pulmonary areas. The abdomen 
was normal in contour; several enlarged lymph nodes were felt and seen over this 
area, and especially in both inguinal regions. An enlarged lymph node was present 
in the popliteal fossa on the right side. Biopsy revealed that the tumor was a 
melanosarcoma. The blood pressure was 130/70; the blood Wassermann and Kahn 
reactions were negative; the erythrocyte count was 3,990,000; the hemoglobin 75 
per cent; the leucocyte count 5,350. The urine was clear, acid in reaction, yellow, 
and the specific gravity was 1.020; it contained slight traces of albumin, but no 
sugar. There were occasional erythrocytes and leucocytes in the urine. The patient 
was readmitted to the hospital on Sept. 13, 1938, complaining of abdominal disten- 
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tion and multiple growths on the abdomen and neck. A paracentesis was pei formed, 
and about 1,600 c.c. of reddish ascitic fluid removed. The patient giew steadily 
worse. 

At autopsy the body was emaciated. There was a small scar in the left parietal 
region, and the hair was missing in this area. A few small, dark nodules were seen 
on the left upper eyelid. The nose and ears were normal. There were some other 
black nodules on the face. Examination of the neck revealed many rounded masses 
of a dark purplish color on both sides, but mainly on the left. These were large 
lymph nodes. There were also palpable masses in both supraclavicular regions and 
both axillae. There were many dark nodules of different sizes scattered throughout 
the chest wall, the abdominal wall, and lower extremities. There was a large, black, 
metastatic nodule at the margins of the anus, and another on the right buttock. The 
pericardial cavity was completely obliterated by fibrous adhesions, and somewhat 
decreased in size because of the small size of the heart itself. On the epicardium 
there were several small, black, round nodules, and a large calcified plaque on the 



Fig. 5, Case 4. — Multiple metastatic nodules of melanoma in the right atrium and right 

ventricle. 

left ventricle posteriorly. In opening the heart in the usual way, we could see large, 
black, metastatic masses in the right atrium. In cutting through the tricuspid val\e 
we found numerous metastatic nodules, quite black, in the right ventricle, and there 
was a fairly large mass of this same black tumor underneath the leaflets of the tri- 
cuspid valve affecting the myocardium of the right ventricle (Fig. 5). There was a 
large pedunculated tumor attached in the region of the conus arteriosus, grow mg into 
and almost completely plugging the pulmonary orifice (Figs. 6 and 7). In opening 
the left atrium and left ventricle we could see some metastatic nodules of melanoma. 
The myocardium itself showed some small, black nodules spread thioughout, between 
the muscle fibers. The consistency of the muscle was somewhat soft and afome. 
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No gross pathologic findings were seen on the heart valves themselves. The aorta 
showed a moderate degree of atherosclerosis. There was a large, rounded tumor in 
the lower lobe of the right lung. On section, this mass was black and soft. On the 
wall of the stomach there were several black tumoi nodules; the largest, measuring 
about 2 cm. in diameter, had ulcerated the gastric mucosa. Throughout the small 
and large intestine, omentum, and mesentery there were multiple black tumor 
nodules. In the pelvis, and progressing toward the right lower quadrant, there Was 
a very large black tumor measuring about 10 by 15 cm.; this mass was located on 



Fig. 6, Case 4. — Large pedunculated tumors in the right ventricle, in the region of 

the conus arteriosus. 



7 ’oWfw f«T' Ijar F- e tumor causing almost complete occlusion of the Dulmnnnrv 
office (the patient had a loud systolic murmur in the pulmonary area) 
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the right side of the pelvis in the region of the right ovary, which could not he 
found. Several metastatic nodules were found in the liver, pancreas, right kidney 
and bladder. 

On microscopic examination, the sections of the heart showed a marked congestion 
throughout. There was also increased fragmentation and segmentation of the muscle 
fibers, and brown atrophy of the myocardium. Spread throughout the section there 
were two or three metastatic nodules formed by large, liyperchromatic, atypical cells, 
most of which were spindle-shaped, and laden with large amounts of granules of a 
dark brown pigment (Fig. 8). The pigment was melanin, and the cells were those of 
metastatic nodules of malignant melanoma. The coronary vessels were not particu- 
larly thick. 



Fig. 8, Case 4. — Most of the tumor cells are spindle-shaped and contain much pigment. 

. The anatomic diagnosis was malignant melanoma, primary in the scalp, with 
multiple nodules in the skin and lymph nodes; large metastases to the heart; metas- 
tasis to lungs, liver, stomach, pancreas, intestine, and abdominal wall. 

COMMENT 

We feel strongly that malignant melanoma is one of the tumors which 
show a relatively common tendency to invade the heart. In Scott and 
Garvin’s series of cases there were ten melanomas, five of which metasta- 
sized to the heart (50 per cent) ; in our autopsy records there were 
seven cases, in four of which cardiac metastases occurred (57 per cent). 
The cases found in the literature are the following: In 1903, Del hern 
and Laignel-Levastine 6 reported a case of melanotic sarcoma with 
metastasis in the heart. Goldstein 7 mentions that Prudhomme, in 1867, 
reported a case of malignant melanoma with cardiac metastasis in a 
man; that Erkes, in 1910, reported a diffuse melanosarcoma of the heart; 
and that Napp refers to two cases of melanosarcoma of the heart de- 
scribed by Deguy. Goldstein also reports three cases of his own. One 
was that of a melanotic sarcoma which probably started in the right 
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eye ; in the second case there was also a melanotic sarcoma with marked 
involvement of the adrenals and retroperitoneal and mesenteric lymph 
nodes; in the third ease the tumor originated in a pigmented, soft mole 
of the labium majus. Lisa, 8 in 1923, reported the case of a man, 42 
years of age, who had a black mole on the tipper jaw; it started grow- 
ing fast, in spite of radium treatment, and soon involved the cervical 
lymph nodes; numerous subcutaneous masses also developed over the 
entire body. The autopsy revealed metastasis to heart, lungs, trachea, 
liver, spleen, kidney, pancreas, stomach, large and small intestine, 
omentum, and ribs. Yater, 9 in 1931, described a ease of melanosarcoma 
of the left eye in a man 64 years of age ; there were metastascs to the 
brain, heart, lungs, omentum, colon, and pancreas. Burke, 10 in 1934, 
reported two cases. The first was that of a white woman, 56 years of 
age, who, a year and a half before death, had a pigmented mole removed 
from the right wrist by fulguration, followed by roentgen therapy. The 
lymph nodes in the right axilla and right supraclavicular region became 
involved soon afterward. The autopsy revealed malignant melanoma, 
with metastasis to heart, ribs, adrenal, spleen, liver, lungs, kidney, and 
axillary, mediastinal, and retroperitoneal lymph nodes. Burke’s second 
case was that of a 46-year-old man who had a black wart removed from 
his back nine months before death. All of the lymph nodes soon became 
involved, and the autopsy revealed a malignant melanoma which had 
metastasized to heart, omentum, pancreas, lungs, liver, and adrenals. 
Lymbumer says that in S,550 autopsies at the Mayo Clinic, from 1915 
to 1931, there were six cases of malignant melanoma with cardiac 
metastasis; in four of the cases the tumor was primary in the skin, and 
in two, in the eye. In Scott and Garvin’s 2 scries of 11,100 consecutive 
autopsies at the Cleveland City Hospital, there were five cases of malig- 
nant melanoma with metastasis to the heart. Among 3,600 autopsies 
performed in the Saint Louis University hospitals, there were seven 
cases of malignant melanoma, in four of which cardiac metastasis had 
occurred. 

In most of the cases the involvement of the heart was not suspected 
clinically. In one of the cases reported by Scott and Garvin, the patient 
had attacks of paroxysmal auricular fibrillation, and the possibility of 
cardiac metastasis was considered. In only one of our cases were there 
any signs that the heart was involved; in this case there was a loud 
systolic murmur in the pulmonary area caused by a large tumor mass 
which almost completely occluded the pulmonary orifice. In most of the 
reported cases the patients were white ; melanomas in the negro are very 
rare. Bauer, 11 in 1926, in a review of the literature, could find only 
fourteen reported cases of malignant melanomas in negroes; lie did not 
include melanotic orbital tumors. One of our cases was in a negress; 
the cardiac metastases in this case were larger than in the other three 
cases reported here. 
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SUMMARY 

1. Four cases of cardiac metastasis from malignant melanoma are 
reported. 

2. A review of the literature discloses only twenty-three such cases. 
Doubtless others have been reported, but under the heading of car- 
cinoma or sarcoma. 

3. We believe that cardiac metastasis in cases of malignant melanoma 
is more frequent than the paucity of reported cases would lead one to 
think. 

4. In one of our cases the patient was a negress, and this is the first 
time such an occurrence has been reported in that race. 

5. In none of the cases presented here was the involvement of the 
heart suspected clinically. 
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ARTERIOVENOUS FISTULA OF THE LUNG ASSOCIATED WITH 
POLYCYTHEMIA VERA: REPORT OF A CASE IN WHICH 
THE DIAGNOSIS WAS MADE CLINICALLY 


Harry L. Smith, M.D.,® axi> Bayard T. Hoi: ton, M.D.t 
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S EARCH of the available literature lias failed 1o disclose a case of 
arteriovenous fistula of the limp; in which the diagnosis was made 
clinically. 

REPORT OF A CASK 


A man, 40 years of age when first observed at the Mayo Clinic in 1932, related 
that he had been a “blue baby,” small and frail at birth. Ho continued to be 
small and underweight until he reached the age of 0 years, when lie began to grow 
rapidly. Through boyhood lie played actively ami enjoyed apparently good health. 

The patient entered the United States Army in 101(5, at the age of 24 years. The 
medical officer who examined him on his enlistment was the lirst physician to call 
his attention to the fact that lie was cyanotic and t lint his fingers were clubbed. No 
abnormal condition of bis heart, was found at that time. Jn 1017 he had severe 
influenza and pneumonia but recovered completely. Thereafter lie enjoyed moder- 
ately good health until 1024. when, at a time of considerable stress, he suddenly 
became generally tense, then weak, and finally dropped to the floor. This attack, in 
which he did not lose consciousness, lasted about thirty minutes, lie never hnd 
another similar attack. 


For a few years before the patient first came to the clinic lie had had attacks 
characterized bv invisible tremor of the body, a sensation of fullness in the bead, 
transient tinnitus and vertigo, and tension in the muscles of the back of the neck. 
Diplopia occurred in one of these attacks. He also hud noticed numbness, without 
tingling, of the bands and feet, slight dyspnea on exertion, and distress in the pre- 
cordium. During the attacks, he reported, his pulse rate occasionally increased from 
a normal of CO to ISO per minute. His systolic blood pressure varied between 00 
and 100 mm. of mercury. In the eight years before we first saw him, examination 
of his blood had disclosed 5,000,000 to 0,000,000 erythrocytes per cm lie related 
that his skin always had been dark. 

When the man first was examined at. the clinic lie weighed 110 pounds (53 kg.) 
and was short ami asthenic. His skin, lips, nail beds, and mucous membranes were 
cyanotic, and ebibbing of his lingers and toes was noteworthy. The blood pressure 
"as 8/0 2. The pulse rate was 5G, and the temperature, 9S.4 0 F. Urinalysis gave 
nega no results. The blood, which was of increased volume, contained 20.G gm.,. of 
lemoglobm per 100 c.c.; the erythrocytes varied from 5,440,000 to G, 220, 000 per 
• and the leucocytes numbered 3,200 per c.mm. The spleen was not palpable 

venesection^fT "T I,ol - yc - ytl,e,,lia yc ™, treatment for which consisted of 

, followed by administration of phenylhydrazine. It was believed that 

tsw! !' ™ C ! i0n 0n Card, o>oRy, the Mayo Clinic. 

Reopm w Division oC Medicine, the Mayo Clinic, 
tecehed for publication April 2G, 1833. 
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the polycythemia had developed following the influenza and pneumonia fifteen years 
before, at which time also there may have been a pulmonary abscess. 

The patient returned to the clinic in April, 1938. Since his previous visit he had 
undergone varied treatment. Numerous venesections had afforded him temporary 
relief. After a course of these, a small capsule of phenylliydrazine had been given 
to him twice a day. He had taken benzol for a month, but this had had little or 
no effect. In the latter part of 1935 he had noticed a “hot spot” in his left 
shoulder. Consciousness of this had been followed by a sense of constriction in the 
thorax, and, within four hours, he had scarcely been able to breathe. Consequently, 
lie had been taken to a hospital, and oxygen had been administered. He remem- 
bered little of the next two weeks but had had considerable pain. Gradually he re- 
covered from this attack. In December, 1936, because of weakness and shortness of 
breath, he had entered a Chicago hospital, where a small capsule of phenylliydrazine 



Fig. 1.— Roentgenogram of the thorax revealing what appears to be Hf^hirf^tvo 
in the lower light Dortion of the thorax. This represents the legion in wmcn i 
dilated vessels, 6 originating in the. right hilum appeared to 
parenchyma of the lung. An arteriovenous bruit was audible over this region. 
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liad been administered daily. He remained there nine months. Thereafter, and 
until a month before his second visit to the clinic, he had taken 4 minims -(0.25 c.c.) 
of solution of potassium arsenite (Fowler’s solution) three times a day. 

At the time of this second admission the patient appeared undernourished. Club- 
bing of the fingers and toes and cyanosis were about the same as before. The 
peripheral veins were dilated, especially those of the right anterior portion of the 
thorax and those of the legs; the latter were rather conspicuously varicose. A con- 
tinuous, blowing murmur, or bruit, was heard over the right posterolateral aspect of 
the thorax, in the region of the eighth and ninth ribs. This murmur had not been 
heard when the patient was examined at the clinic in 1932, but lie said that it had 
been heard by an army medical officer in 1916. The edge of the liver was palpable 
5 cm. below the right costal margin. The blood pressure (94/60) was scarcely 
higher than it had been at the previous admission, and the temperature remained 
normal. The pulse rate, however, which had been slow in 1932, was 74. The retinal 
arteries and veins were dilated and appeared cyanotic, and the margins of the optic 
disks were slightly blurred. A number of punctate patches characteristic of old, 
chronic choroiditis were present. 

The urine contained a few erythrocytes and pus cells. The value for hemoglobin 
was 23.7 gm. per 100 c.c. The erythrocytes numbered 6,470,000, the leucocytes, 
7,300, and the platelets, 104,000. The hematocrit reading was 66 per cent on one 
day, and 71 per cent four days later. The total plasma volume was 1760 c.c., or 35 
c.c. per kg. of body weight, and the whole blood volume was 6068 c.c., or 121 c.c. 
per kg. (normal, So c.c. per kg.). The electrocardiogram revealed a rate of 67, 
sinus bradycardia, slurred QRS complexes in Leads II and III, inverted T waves 
in Lead III, and positive T waves in the standard fourth lead. Roentgenoscopic 
examination gave evidence that the heart and mediastinum were normal, except for 
small patches of calcification in the anterior portion of the pericardium. There was 
infiltration of the posterior portion of the base of the right lung which was thought 
to be the result of bronchiectasis, as no pulsation was noted. However, the history 
did not suggest chronic bronchiectasis. Bronchoscopic examination, moreover, was 
deemed inadvisable. 

An attempt was made to visualize a vascular lesion in the right side of the thorax. 
A radiopaque medium was injected into the basilic vein ; then a series of roentgeno- 
grams was made. These revealed two dilated vessels arising in the right liilum, and 
communicating in the parenchyma of the right lung in the region of the ninth and 
tenth ribs posteriorly (Fig. 1). This region corresponded with that where the bruit 
was audible. 

The probable diagnosis was now arteriovenous fistula of the right lung. Treatment 
consisted of venesection at frequent intervals, to keep the blood volume within normal 
range. 

COMMENT 

From an anatomic standpoint, the lesion in the right lung could prop- 
erly he classified as an hemangioma, but physiologically it represented an 
arteriovenous fistula, and we felt that the increased blood volume was a 
result of such a fistula. That increase in blood volume is invariable in 
the presence of large arteriovenous fistulas is well known. Cardiac dilata- 
tion and hypertrophy also would be expected ; their absence in this case 
perhaps was due to the fact that the arteriovenous fistula involved only 
the pulmonary circulation. 

Hemangiomas usually are described as irregular, intercommunicating 
ood spaces surrounded by fibrillary connective tissue and smooth 
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muscle. They are divided into the simple, or capillary, nevus, the cavern- 
ous nevus, and the plexiform nevus. Hemangiomas vary greatly in size 
and shape,- some are recognizable only with the aid of the microscope, 
while others weigh several pounds. Virchow long ago demonstrated that 
the intercommunicating blood spaces in hemangiomas really represent 
abnormal arteriovenous communications. In the so-called cavernous and 
plexiform types, bruits are often present. Many additional descriptive 
terms, such as “pulsating venous aneurysm,” “angioma arteriole,” and 
“arteriovenous varix,” have been used to describe the superficial mani- 
festations of a pathologic process which we prefer to call “arteriovenous 
fistula. ’ ’ Irrespective of size and shape, and notwithstanding the pres- 
ence of a bruit, all hemangiomas represent abnormal arteriovenous com- 
munications between arteries and veins, by means of which arterial blood 
flows from arteries to veins without passing through the normal capillary 
bed. Reid 1 and one of us (Horton 2 ) have held this view for a number of 
years. 

Bowers, 3 in 1936, reported the case of a child who died suddenly, on 
the second day after birth, from a fatal pulmonary hemorrhage. The 
source of the hemorrhage was found to be an hemangioma of the lung. 
Rodes 4 also reported a ease in which a man, 25 years of age, died sud- 
denly from pulmonary hemorrhage ; it was found that an hemangioma of 
the lung had ruptured. No mention of a bruit over the thorax was made 
in reports of these cases. The diagnosis in each instance was made at 
necropsy. We have no doubt that the condition in our case corresponded 
with that reported by Bowers and by Rodes. 
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AMERICAN HEART ASSOCIATION, 1939 

The opening session of the Fifteenth Scientific Meeting of the American Heart 
Association, held at the Jefferson Hotel, ,St. Louis, Mo., May 1- to .13, 1930, 
opened at nine-forty o’clock. Dr. William i). Stroud, Philadelphia, President oi 
the Association, presiding. 

President Stroud . — Members of the American Heart Association, friends, and 
guests: First of all, on behalf of the Officers and the Regional Board of Directors 
of the American Heart Association, 1 should like to welcome you to this, our 
Fifteenth Annual Meeting. 

The papers this morning are open for frank discussion, but it has been deemed 
wise to limit the discussion to members of the Association and invited guests. 

Unfortunately, it has been the custom for your president to make an address. 
I tried to escape this for your sake, but everyone seemed to think it had to be 
done. For the few remarks that 1 wish to make I have chosen the subject of 
“Fear in Medicine.” 1 have been a little worried concerning this subject for 
many years, and feel that, as a public health organization, the American Heart 
Association assumes a grave responsibility with respect to the manner in which 
it presents to the public the subject of the prevention and relief of heart disease. 

I think that everybody, naturally, is afraid of heart disease, and that there is 
grave danger that overemphasis of this subject, its fatality, its dangers, and so 
forth, may produce in this country of ours a great many introspective, apprehen- 
sive, psychotic individuals who are afraid of heart disease, but have nothing wrong 
with their cardiovascular system, any more than God expected them to have as 
they grow older. 

I can remember some of the pamphlets that were distributed in 1923 or 192-1 
about “How Is Your Heart?” I remember one, especially, which said, “Your 
heart is a pump; take care of it,” and showed a picture of a pump and a skeleton 
working at the handle. That sort of publication, I am afraid, isn't very valuable 
as a public health contribution. The English certainly feel that we are taking 
grave chances in bringing too much of this subject before the public, which is not 
well enough trained to really understand what, it is all about. 

First of all, in the last twenty years that I have been specializing in cardio- 
vascular disease, I have seen more children and more adults — parents, that is — 
made cardiac cripples by the vague and serious prognostications of solicitous phy- 
sicians than have been invalided by rheumatic heart disease itself. I think we 
all admit that, as the years go by, we realize that probably seventy-five per cent 
of children with rheumatic heart disease do very well until their 30 's, and some 
until their 40 ’s or 50 ’s. During the intervening years — except for the twenty-five 
per cent who have the disease in a recurrent, or acute fulminating form, and die 
in childhood — these patients with rheumatic heart disease need not be made in- 
valids until they reach their 30 ’s or 40’s, when their disease will incapacitate them 
anyway. 

As for blood pressure, a recent patient of mine, seventy years old, a rather 
skeptical gentleman, remarked, as I reached for the blood pressure apparatus, 

That is all a racket. According to the doctor, your blood pressure is never right! 
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Twenty years ago they started treating me for low blood pressure, and for the 
last ten years they have been treating me for high blood pressure. If they had 
only let me alone, I should be all right.” 

I believe there is something to this, except that I doubt if the treatment for 
low blood pressure had very much to do with his high blood pressure. As a matter 
of fact, most of us realize that we can do little about low blood pressure, unless 
there are some very obvious factors which are producing it. Usually, individuals 
with low blood pressure can be patted on the back and told that God has been 
very kind to them. They probably do not accomplish quite as much as the high- 
pressured individuals, but they are wonderful from the standpoint of the physician. 
They never feel quite right, they are always coming back to him, and they live 
forever. 

With respect to coronary disease, it seems to me that since Time, Fortune, 
and our friends, the newspapers, are bringing this subject before the public, and 
most of the death notices give coronary occlusion as the cause of death, it is per- 
fectly natural for people generally to link this condition with themselves, and feel 
that if their doctor tells them they have coronary disease, they are through. 

I feel, personally, that it is very questionable whether a doctor — except in un- 
usual cases — should ever tell a patient that he has coronary disease or angina 
pectoris, or that he has had a cardiac infarction. Sometimes it is necessary to do 
this to make a patient follow the proper regime. 

This business has progressed to a point where — some of you have heard me 
tell of this experience — a few months ago a patient came in and said, “Doctor, 
my family physician says I have had a coroner's occlusion.” It does seem to me 
it is a little startling to be told that one has had a “coroner's” occlusion. It 
makes one stop and think. I believe — as I have said before — that if these indi- 
viduals ask you, “Do I have angina pectoris?” you are justified in saying, “No, 
you have temporary anoxemia of a portion of your myocardium.” At least that 
impresses them a bit, and they usually accept it — even doctors will accept it. To 
an individual with a “coroner’s” occlusion, you can say, “No, you have a rela- 
tively permanent anoxemia of a portion of your myocardium. ” 

Then if you explain carefully that, as they are growing older, the stress, strain, 
and emotions of life place a burden on the circulation, and that, at times, if the 
blood pressure rises slightly above normal, because of emotion, or effort, or obesity, 
or indiscretions in diet, it may place a little more strain on the heart than it likes, 
but that if they will stay within their limitations they will have no trouble, and 
live out their full expectancy of life. Such an explanation will be of more bene- 
fit than telling them that they have angina pectoris, coronary disease, or coronary 
occlusion. 

My thoughts are the same concerning unnecessary fears developed through elec- 
trocardiographic interpretations. I remember that the last thing Sir Thomas Lewis 
told me, in 1919, when I was working with him, was “When you return to the 
United States, you must be careful in using the electrocardiographic galvanometer. 
Remember that the United States is a young country, and Americans are impres- 
sionable. They believe that almost anything may be accomplished through mechan- 
ical or scientific effort. If you use tliis machine, then look at the tracing in front 
of the patient, and then look at the patient and shake your head, that patient 
is probably a cardiac cripple for the rest of his life.” 

I shall never forget when we first started taking tracings at the Pennsylvania 
Hospital, in 1920. I had to take them at night on the ward patients. We moved 
a colored patient in his bed to the heart station. You may remember the old 
galvanometer which reached all the way across the room. There were open batteries 
in the corner, and when in use it went “phfft,” “phfft,” and green lights flashed 
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in the darkness. I turned on the machine and the old colored fellow sat right 
up in bed. All I could see were his nightshirt and the whites of his eyes. He 
said, “Doctor, do you mind if I say a little prayer before you turn that thing on?” 

Even those with more intelligence than this fellow have an awe of the gal- 
vanometer, and many of them come to you the week after the tracing has been 
taken and remark, “I felt ever so much better since I took that electrocardiographic 
treatment. ’ ’ 

I believe that with all these machines now being sold throughout the country 
we must bo sure to educate not only the public, but also the medical profession, 
as to the relative importance of the electrocardiogram. We must persuade doctor 
and patient, alike, that it is impossible to read from an electrocardiogram alone 
the last word as to the future of the cardiovascular system. I am positive that 
all too many physicians are attempting to read from electrocardiograms more 
than is justifiable. 

In concluding these remarks, I should like to leave with you the thought that we 
must attempt to dispel some of the fear in the mind of the average person concern- 
ing cardiovascular disease. Certainly we have enough to be afraid of nowadays — 
social security, the administration in Washington, wars in Europe, many, many 
things. If we can give our patients a philosophy of life and hope and faith, I 
believe that we are helping them more than if wc make them fearful. 


General Cardiac Program 

Discussion of the paper, “Possible Relationship Between Gall Bladder Disease and 

Cardiac Disease,” by Dr. Henry L. Bockus, Dr. William D. Stroud, Dr. Paul H. 

Twaddle, Philadelphia, Pa., and Dr. Dolph L. Curb, Galveston, Texas. 

Dr. Arlic B. Barnes, Rochester, Minn. — This is a subject that deserves a little 
discussion. I think Dr. Stroud is to be commended for the conservative and cautious 
attitude and conclusions which he has reached ns a result of his studies thus far. 
There is some evidence to make us feel that disturbances of lipid metabolism are 
associated both with coronary disease and with disease of the biliary tract. 

If Dr. Stroud had found that removal of an infected gall bladder resulted in 
reduction in the lipids, one would feel a little bit more encouraged to think that 
possibly such a procedure might be expected to improve disease of the coronary 
vessels. 

Dr. Stroud very properly has emphasized the difficulties in differential diagnosis 
in these conditions. It is this difficulty that I think at times has given rise to the 
impression that the removal of the gall bladder has been a potent factor in im- 
proving the condition of the coronary arteries. 

I have seen, for example, patients who had received a diagnosis of coronary 
disease and were put on a semi-invalid regimen for a period of three or four years. 
Subsequently, violent symptoms necessitated exploration of the gall bladder in each 
case, revealing stones and, at times, acute empyema of the gall bladder. Removal 
of the gall bladder in these patients dissipated the angina pectoris. 

Such mistakes in diagnosis arc likely to give an erroneous impression of the 
effect that removal of the gall bladder has on alleged heart disease. 

This organization 1ms a real responsibility in the opinion that it advances on 
this subject in relation to surgery. Surgeons arc always looking for some new 
held in which to employ their art and to help us out. It is an honest attempt. 
If we give them reason to feel that the removal of an infected gall bladder or a 
diseased gall bladder gives very much promise of improving coronary disease, we 
are likely to see some operations performed that are not indicated. So, I am 
'cry glad that Dr. Stroud has been very cautious in his remarks, because, as far 
as my own personal experience is concerned, in relation to angina pectoris at least, 
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I have not been impressed with the fact that the removal of an infected gall bladder 
or a gall bladder with stones has influenced the degree or progress of coronary 
sclerosis. 

Dr. Myron Prinzmetal, Los Angeles, Calif. — At the Boston City Hospital, Dr. 
Soma Weiss and I made electrocardiographic tracings routinely on patients with 
gall bladder colic, either with or without jaundice, but with very severe pain. We 
were surprised to find occasional cases in which there were definite electrocardio- 
graphic changes when pain was present, which disappeared after the gall bladder 
colic was over. This suggests that there may be a reflex from the gall bladder 
which may produce cardiac changes of some type or other, such as have been 
observed by Dr. Stroud. 

Dr. Walter B. Bamlurger, Chicago, 111. — This subject, as Dr. Stroud well knows, 
is a very old one. I believe that it was about 1854 when Stokes first called atten- 
tion to it. 

In Chicago, Dr. Robert Babcock was the first, so far as I know, to emphasize 
this relationship, and for many years had many of his cardiac patients operated 
on. On what basis Dr. Babcock reasoned this out I don't think anyone knows. 

Following his time, Frank Billings did the same thing, on the assumption, I 
believe, that the gall bladder served as a focus of infection, and, certainly, during 
the time I was with him, I saw quite a few cardiac cases in which Dr. Billings 
advised surgical operations on the gall bladder. 

About fifteen years ago Dr. D. C. Straus and I were interested in a group of 
patients until extrasystoles and gall bladder disease. S'everal of these patients 
were operated on. Interestingly enough, most of their extrasystoles disappeared. 
As Dr. Stroud said, they may have been eured by removal of the gall bladder, or 
by the anesthetic, or by some other mechanism. However, in my own experience, 
extrasystoles and other cardiac arrhythmias do seem to have a relationship to the 
gall bladder. 

I have under my care at the present time a woman with recurring attacks of 
severe auricular paroxysmal tachycardia. She has a number of gallstones which 
she will not permit us to remove. However, with indiscretions of diet, her attacks 
are very much more frequent. When she is quite careful of her diet, her attacks 
are relieved. 

I feel that Dr. Stroud and his associates have done a fine thing in again sub- 
jecting this question to careful study. So far as I know the study of a large 
series such as theirs has never been made, and as a result we should find out 
exactly what, if any, this relationship is. 

Dr. Charles N. Hensel, St. Paul, Minn. — I was very much interested in Dr. 
Stroud's report of the ease of the woman who had experienced repeated attacks 
of pain (which at one time were thought by an Italian heart specialist to be due 
to coronary disease), who died in this country, and was found at autopsy to have 
relatively normal coronary arteries and disease of the gall bladder. 

I can match his case with one of my own, in which, at autopsy, the findings 
were reversed. My case was that of a woman, a nurse, married at the age of 44 
years, who had a stormy married life. I saw her first six years before her death, 
in a paroxysm of auricular fibrillation; at this time the electrocardiogram 
revealed evidence of a previous coronary occlusion. Ever thereafter she had 
paroxysms of auricular fibrillation, frequently associated with emotional stress, but 
no epigastric distress or precordial pain. 

The final episode was ushered in by a state of extreme emotionalism and the com- 
plaint of a severe burning sensation in the epigast rium. The heart was normal with re- 
spect to sounds, rate, and rhythm. Her blood pressure was at the usual level of 1 50/S0. 
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The abdomen was soft, and there was no tenderness over the gall bladder or in the 
epigastrium. Sedatives and antispasmodics were prescribed, and three days later 
the patient had improved sufficiently to go through with a previously planned 
dinner party. 

She spent a sleepless night, and the next morning was seen at home, sitting up 
in bed, rocking bade and forth, apparently in great distress, still complaining 
of a terrific burning sensation in the epigastrium. The heart was unchanged and 
the lungs were clear, but now for the first time there were definite tenderness • and 
muscle spasm over the gall bladder. Choleeystograms showed nothing abnormal, 
but the patient continued to complain of burning pain in the epigastrium. Symp- 
toms of cardiac failure eventually appeared, and the patient died three weeks 
after the first complaint of burning in the epigastrium. 

At autopsy the gall bladder was normal, but the heart showed evidences of 
an old infarction in the left ventricle, plus a fresh occlusion throughout the main 
descending branch of the right coronary artery. Microscopically, the lesions in the 
freshly infarcted area were from a few days to three weeks old. 

In this case then, the symptoms were suggestive of gall bladder disease, but 
the autopsy showed that coronary occlusion was the true cause. 

Dr. Louis N. Eats, Chicago, 111. — It is difficult to determine whether gall bladder 
disease perpetuates or aggravates coronary disease, but there is no doubt that 
reflexes come from the gall bladder which affect the heart, as was shown by Drs. 
Bettman and Rubinfeld at Michael Reese Hospital. In the presence of gall bladder 
disease such reflexes may, when coronary disease is already present, aggravate the 
symptoms of both the gall bladder and the heart condition. 

It seems to me possible that such reflexes may actually lead to coronary spasm. 
While I agree with Dr. Baines that the surgeon should not be encouraged to oper- 
ate on gall bladders to relieve heart symptoms, I have occasionally seen some good 
results from such gall bladder operations. Pain is a sensation, and painful stimuli 
that may be below the threshold in the heart may summate with painful stimuli 
from the gall bladder, and the two together reach the field of consciousness of the 
patient. Little can be done operatively for the heart in such cases, but removal 
of the irritation in the gall bladder may make the patient more comfortable by 
eliminating one source of the bombardment of impulses that gives rise to pain. 


Dr. Carl B. Comstock, Saratoga, N. Y. — I do not wish to prolong this discus- 
sion unduly, but very recently a patient at Saratoga (by the way, a surgeon) who 
had had coronary attacks for many years and also, apparently, gall bladder at- 
tacks, was operated upon. 

His electrocardiogram showed no material change except left axis deviation. 
Choleeystograms showed numerous stones in the gall bladder. The gall bladder 
attacks, usually coming on at night, were quite severe, and would precipitate an 
anginal attack, with pain down the left arm. 

He was operated on turn months ago, has had no further attack, and is apparently 
perfectly well. His electrocardiograms are the same as before. There does seem 
to be some interrelationship in the distribution of gall bladder and coronary pain. 

<* 

Discussion of the paper, “Factors in. the Circulatory Changes Associated With 
Pregnancy,’’ by Dr. J. Allen Kennedy, and Dr. C. Sidney Burwell, Boston, Mass. 


Dr. Burwell . — I would like to say a word, if I may, Dr. Stroud. I want to 
emphasize the fact that pregnancy is a particularly suitable condition for the 
^ u } of dynamics of the circulation, because every patient studied establishes 
16r 0V,n cont rol. She can be studied after delivery, and the results under these 
circumstances can be compared with the results during pregnancy. 
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I also tliink it is only proper to express to these admirable subjects who have 
subjected themselves to our study a vote of thanks, on the part of Hr. Kennedy 
and my other colleagues and myself, because they really did very good work, and 
they were extremely cooperative in establishing basal conditions. It is necessary 
of course, to have very carefully controlled basal conditions if these observations 
are to be significant. 

The observations that Dr. Kennedy has presented are, of course, a small part 
of many that have been made by many workers in the last ten years on the circu- 
latory changes in pregnancy. Out of all of these observations, it seems that there 
is coming a reasonably coherent description of the total changes in the circulation 
in pregnancy which will enable us to guide patients with heart disease through 
this trying period. 

I am talking now T only about the burden of pregnancy itself. There is nothing 
in this work that bears on the burden of labor. But if one interprets the changes 
in the course of heart disease, which are brought about by pregnancy, in terms of 
the increased cardiac work imposed by the pregnancy, one gets a pretty reasonable 
explanation of the events which one sees. 

One of the interesting observations that has been made by Burton Hamilton 
is that the incidence of the onset of cardiac failure corresponds in a large series 
of cases quite reasonably accurately with the calculated curve of the increased work 
of the heart. 

Therefore, it seems to me that these observations of Kennedy and his colleagues 
have a very definite application to the care of patients with heart disease and preg- 
nancy. The object of our efforts in the care of heart disease in pregnancy is 
mainly to protect the patient against removable burdens. The burden of pregnancy 
is inescapable. It is a necessary part of the body’s reaction to pregnancy. The 
function of a physician then becomes that of helping the pregnant woman avoid 
other forms of cardiac overwork. 

Discussion of the paper, “Cardiac Changes in Pregnancy Unrelated to the Usual 

Etiologic Types of Heart Disease,’’ by Dr. William A. Sodeman, New Orleans, 

La. 

Dr. C. Sidney Burwell , Boston, Mass. — Dr. Sodeman ’s very instructive paper of- 
fers many pleasant points for discussion. I hope that in the informality of the 
discussion period he will say what he thinks about the mechanism of these very in- 
teresting basal diastolic murmurs that appear during pregnancy and disappear during 
the puerperal period. I think that is a very attractive question to ask. 

Now, he has emphasized how incomplete a description of the circulatory changes 
in pregnancy is really put on record by the observations just mentioned by Dr. 
Kennedy, because there are, as a matter of fact, three or four major groups of 
alterations in the circulation during pregnancy. One includes those that Kennedy 
described, that are concerned mainly with changes in the uterus and the placenta 
and with the immediate demands of the fetus. There are also those that nobody has 
mentioned yet, those of labor itself. Dr. Sodeman now points out there are also 
those of the puerperal period. He emphasizes that cardiac failure may appear dun 
ing that period. I do not know anything about the circulatory burdens that occur 
during the puerperium, but I should like to ask Dr. Sodeman to comment, and to 
present evidence, if he has it, about the developments during lactation that produce 
changes in the circulation. Certainly the circulation of the breast is enormous during 
this period, and, also, the sudden production and excretion of a large amount of 
nutritive fluid must take away from the maternal body a considerable amount of 
accessory nutritional substances, such as vitamin B„ for example. It is just possible 
that that plays a role, and I would like to ask him that question. 



AMERICAN HEART ASSOCIATION 


599 


Finally I should like to make, in connection with his very interesting description 
of the occurrence of heart failure in people with hypertensive disease during preg- 
nancy, one point of warning concerning the management of these people. It applies 
to a large group of cardiacs, not only to the pregnant woman. I am sure that it 
is familiar to you all, hut it is worth emphasizing. 

One of the effects of pregnancy is to increase the blood volume. One of the 
effects of the development of congestive heart failure is to increase the blood volume. 
By injecting large amounts of fluid into perfectly normal animals rapidly enough, a 
picture can be produced which is certainly very similar to that of cardiac failure. 

Many of us have seen a considerable number of attacks of paroxysmal pulmonary 
edema, threatening life, follow, by a short interval, the injection, in considerable 
amounts, of fluid intravenously. 

Now, in certain stages of hypertensive toxemic disease in pregnant women, it may 
be useful to inject fluid intravenously. I simply remind you that the injection of 
500 c.c., or 1,000 c.c., or 1,500 c.c., of fluid into the veins of a woman who already 
has a large blood volume from pregnancy and increasing blood volume from advanc- 
ing heart failure may very well be the final factor that precipitates the onset of 
serious and even dangerous cardiac failure. 

Dr. Sodeman . — I know nothing about the development of these basal murmurs, Dr. 
Burwell, I do not think the}' occur as frequently as once in seventy-three patients. 
It probably just happened that this rare finding did occur in this group of seventy- 
three patients, and, if we examined 1,000 more pregnant women, perhaps we would 
not find one; perhaps we would find more; 1 don't know. The murmur disappeared 
in the post-partuin period, and the patient lias been followed for a number of years 
since. Nothing happened, as far as cardiac changes were concerned. 

These patients with post-partum heart failure were all colored patients. They 
were all seen on the wards of Charity Hospital, in New Orleans. Just exactly what 
causes this picture, what is most important in its etiology, I do not know. Most of 
these patients do have some form of dietary deficiency which may have a bearing on 
the etiology. 

As to the effects of lactation on the heart in the puerperal period, I know only 
one thing, and that is that the blood pressure often rises somewhat, not to abnormal 
levels, however, with the onset of lactation. Whether there are any other changes 
or not, and whether there are any other changes of importance, I cannot say. 

Dr. Julius Jensen, St. Louis, Mo. — Because there is so much to be said about these 
last two papers, it is impossible to discuss them in detail. I would only like to 
point out two observations. 

The first one is regarding circulatory changes during pregnancy. We, of course, 
are all impressed by the tremendous amount of work which has been done by Dr. 
Burwell and his co-workers, and we are gratified that, on the whole, their findings 
confirm earlier, but less securely founded, views. 

Only on one point would I beg to disagree: It seems to me that the general im- 
pression is that during pregnancy the blood pressure has a tendency to rise, remain- 
mg, however, within normal limits. This applies both to the systolic and the diastolic 
pressures. 

Whenever we are considering changes during pregnancy, I think we should draw 
a efmite distinction between those changes which are generally acceptable for all 
persons and those that vary according to certain constitutional factors in the in- 
UVI “f 1, The refore, I think we should be careful not to draw too general conclu- 
Mons rom our observations. If we may assume that certain pathologic changes of 

regnancy are merely exaggerations of physiologic changes, I can illustrate what I 

ean with the following observations: Hypertension is either not affected or is ag- 

[U a ed by P r egnancy. In rare cases, however, we find an elevated blood pressure 
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returning to a normal level during pregnancy. It is difficult to understand liow a 
mechanism common to all women with hypertension could have such divergent 
effects. 

I would also like to say just a few words about functional heart disease. In gen- 
eral, authors and observers seem to take rather a lenient view of this so-called “func- 
tional” disorder. However, Hr. Sodeman has just intimated that there may be 
changes in the myocardium during pregnancy with which we are as yet but vaguely 
familiar, and other observations seem to point the same way. 

It seems to me that we must, at least for the present, take a very cautious view 
as to the possible significance of any cardiac symptoms which occur during pregnancy. 

Discussion of the paper, “A Study of Marked Coronary Arteriosclerosis in Pa- 
tients With and Without Angina Pectoris and Related Conditions,’ ’ by Dr. H. L. 
Blumgart, Dr. Monroe J. Schlesinger, and Dr. David Davis, Boston, Mass. 

Hr. Charles N. Sensei, St. Paul, Minn. — I would like to ask Dr. Blumgart if he 
would care to comment, with regard to these cases of multiple occlusion of the 
coronary arteries, on the relationship of the Thebesian canal, and I would also like 
to ask him whether, with so many infarctions, the hearts are large or heavy. 

Hr. 3. L. Blumgart, Boston, Mass. — The heart weights of the patients with angina 
pectoris and multiple occlusions varied widely, from 280 to 610 grams. 

The first diagram which I showed was that of a 510-gram heart, and the second 
was of a 350-gram heart. In the first ease ai-terial hypertension had been present. 
In the second case it had not been present. In brief, then, these hearts are, of 
course, somewhat above normal weight, but they are not enormous hearts. 

Hr. Sensei . — What about the Thebesian canal? 

Hr. Blumgart .—' That awaits further study. All I can say is that the material is 
injected into the right and left coronary arteries, and there is no evidence in our 
work as to the importance of the Thebesian channels or backflow from ventricular 
cavities. 

Hr. Daniel J. Glomset, Des Moines, Iowa. — I should like to discuss Dr. Blum- 
gart ’s paper in relation to the influence of anastomosis in the coronary circulation. 
In addition to the anastomosis which he has so beautifully illustrated, there are two 
other important ways in which the myocardium is supplied with blood. 

First, there are frequently one or more accessory coronary arteries. Thus, a pa- 
tient of mine was kept alive by a large descending right artery after his left anterior 
descending branch and circumflex artery had been occluded. 

The second important accessory circulation comes from the pericardial and 
endocardial surfaces. The value of this was shown in another case of mine, in which 
the left coronary was occluded at its mouth. Yet the individual lived for twelve 
days. Necropsy revealed a vascular pericarditis. The infarct which was present 
involved the entire left ventricle, but the myocardium was necrotic only in the 
middle. The pericardial and the endocardial thirds of the myocardium were normal. 

Discussion of the papers, “A Study of Marked Coronary Arteriosclerosis in Pa- 
tients With and Without Angina Pectoris and Related Conditions,” by Dr. H. 
L. Blumgart, Dr. Monroe Schlesinger, and Dr. David Davis, Boston, Mass., and 
“Coronary Artery Occlusion: Clinical and Pathological Correlation (Analysis 
of 144 Ratal Cases),” by Dr. A. M. Master, Dr. Henry Horn, Dr. Simon Dack, 
Dr. Harry L. Jaffe, and Dr. Leonard Finklestein, New York, N. Y. 

Hr. M. A. Kugel, Miami Beach, Fla. — I must apologize for speaking at this late 
hour. In the eleven years of my association with the late Dr. Louis Gross, we de 
voted much time to the study of coronary circulation. 
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When we first started our studies, which arc similar to those described today by 
Dr. Blumgart, we were impressed with the fact that the usual technical methods did 
not give us an accurate or complete picture of the coronary artery circulation. The 
hearts which we injected with barium sulphate gelatin were roentgenographed and 
then cleared by the method of Spalteholtz. Then, by means of dissection of the 
cleared specimens, we were able to demonstrate anastomoses between coronary arteries 
which could not have been artifacts caused by technical methods. 

In this way we discovered the artcria anastomica magna, which is located in the 
intra-auricular septum, and provides a collateral circulation between the main left 
and right coronary arteries, as well as with the artery supplying the A.-V. node. A 
detailed description of this hitherto undcscribed anastomotic vessel was published by 
me in the American Heart Journal in 1£>2S. The vessel appears to be functionally 
important, particularly in cases of occlusion of the right coronary artery, in which 
one may find transient electrocardiographic changes referable to disturbances in the 
function of the A-V node. These transient electrocardiographic changes have been 
attributed by others to the anatomic location and the potential functional capacity 
of the anastomotic artery in establishing collateral circulation to the A-V node. 
An occlusion of the right coronary artery temporarily interrupts the circulation to 
the A-V node, which is normally supplied by a branch of this artery. 

In general, we found that the collateral anastomotic channels enlarge in the late 
years of life, or there has been a partial or complete occlusion of the coronary 
arteries. 

Finally, Dr. Blumgart brought, out the important observation that one not in- 
frequently finds hearts with multiple occlusions in the coronary arteries. The sur- 
vival after many occlusions may also be dependent upon the state of the coronary 
artery circulation, the anastomoses, and even anomalous coronary arteries. We re- 
ported a case a few years ago of a man who had three coronary arteries; the left 
circumflex coronary artery had an independent origin. The right and left coronary 
arteries were both completely occluded at several points, and the circulation to the 
heart was apparently carried on by the accessory coronary artery through its 
anastomoses. 

We refused to draw too many conclusions from purely anatomic observations, 
but in many of the hearts the damage was so extensive that one often wondered at 
the remarkable ability of the heart to maintain its circulation. The more we studied 
the coronary artery circulation, the less able we were to arrive at specific conclusions, 
but we were impressed with the fact that the heart under duress has a tremendous 
power of changing the course of its circulation for the better. 

T)r. Blumgart . — I am very glad that the previous discusser mentioned the work of 
Dr. Gross and his associates, to whom we are all indebted for their splendid con- 
tributions in this field. Ever}' investigator always hopes that there will be advances 
beyond what he has been able to accomplish. I think Dr. Sclilesinger ’s method of 
unrolling the heart in one plane, using multicolored injection masses, and avoiding 
confusion by overlying vessels, is a significant contribution. 

I do not want to be misinterpreted to the effect that what has been portrayed in 
these cases will be an invariable finding, because, after all, we have had but twelve 
cases of angina pectoris in this series and are still continuing our studies. Each case 
is a study in itself. 

I was interested in hearing from the first discusser about his experience in 
mding collateral circulation developed through an adherent pericardium. This illu- 
strates my previous remark, because in three cases in which we found old infarcts 
•md an adherent pericardium no injection mass passed from the coronary circulation 
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through any vessels to that adherent area, as would have been expected in view of 
the very interesting work of Dr. Beck and liis associates. 

We find, likewise, that the right coronary artery is more frequently involved than 
any other. One not infrequently observes “infarctions at a distance,” that is, 
infarctions of the left ventricle from occlusions of the right coronary artery. After 
occlusion, for instance, of the left anterior descending artery, the peripheral portion 
of that artery and the myocardium which it normally supplies will be vascularized by 
collateral circulation emanating from the right coronary artery. When the right 
coronary artery is then suddenly occluded, the anastomotic circulation to the left 
ventricle is no longer effective, and infarct occurs, for example, in the apex of the 
left ventricle, when the occlusion may be near the mouth of the right coronary. 

It is important, in making post-mortem dissections, not to have one’s mind come 
to rest when one fails to find an arterial occlusion in relation to the area which is 
infarcted. 

Dr. A. B. Barnes, Rochester, Minn. — I should like to make one or two remarks in 
connection with what Dr. Blumgart has said, which corroborate an impression he has 
just given. 

Dr. Burehell, working in our laboratories, lias undertaken to reinvestigate the 
question of establishing collateral circulation by producing adhesions to the heart, 
either through muscle or omental grafts. 

In the process of this investigation, after having attached either muscle or 
omental grafts to the myocardium, the coronary circulation was interrupted by 
stages until all three branches were finally occluded, and the animal was allowed 
to live. 

Strangely enough, he found exactly what Dr. Blumgart found, that if these 
vessels are occluded one at a time, the remaining branches establish a collateral 
circulation of their own which is sufficient to maintain the heart in excellent func- 
tion, and that function is derived from these anastomoses and not from anastomoses 
that are the result of the attachment of muscle or omentum to the heart. 

Injection either from the heart side or from the side of omental or muscle graft 
did not show any appreciable amount of circulation going through these omental 
or muscle grafts. 

Moreover, after all three branches, or branches of three main vessels, had been 
interrupted, the dog was able to carry out a normal amount of work on the tread- 
mill because of this sufficient collateral circulation. If he now interrupted the 
grafts by cutting them off, there was no loss of the dog’s ability to carry out 
exercises. 

Dr. Arthur M. Master, New York, N. Y. — I was interested in the case that Dr. 
Blumgart described in which there were nine old occlusions. Our pathologists, 
particularly Dr. Horn, find it difficult to make a diagnosis of old occlusions. I 
know they do occur, and it may be that Dr. Blumgart ’s method is an improvement 
on routine pathologic procedures. We have all had patients with many occlusions. I 
have had two patients with five closures, typical clinically and electrocardiographical- 
ly, and they are both alive at the present moment. 

I was interested to hear Dr. Blumgart talk about postoperative shock as a cause 
of coronary occlusion. We have noted that coronary occlusion does occur following 
an operation. 

Mention was also made of the fact that, if a patient has severe coronary sclerosis 
and angina pectoris, rest is extremely important. I want to emphasize, however, 
that nobody has shown that effort will produce another occlusion, although I am 
sure it may cause death by coronary insufficiency. I also want to emphasize that 
term “coronary insufficiency,” because I think that that is entirely different from 
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coronary artery occlusion. That is why I would prefer to use the term ' ‘ coronary 
artery occlusion with cardiac infarction,” than merely say “myocardial or cardiac 
infarction. ’ ’ 


Discussion of the paper, “Production of Pressor Substance by Totally Ischemic 

Kidney,” by Dr. Alberto C. Taquini, Buenos Aires, Argentina. 

Dr. Louis N. Katz, Chicago, 111. — The results which Dr. Taquini has presented 
on the direct demonstration of a pressor substance have not been confirmed entirely 
by others. Many investigators, including my associates and I, have failed to find 
any evidence of a pressor substance in the blood coming from an ischemic kidney. 

In our work, we perfused unanestlietized, bilaterally nephrectomized dogs with 
the blood from dogs made hypertensive by the Goldblatt technique. Over a period 
of twenty-four or more hours, we replaced the blood of the nephrectomized non- 
hypertensive animal with the hypertensive blood two or three times, without any 
demonstrable elevation of blood pressure. When we perfused the hind limb of 
anesthetized dogs with the blood of anesthetized, hypertensive animals, the only 
effect obtained was dilatation, not constriction. 

We all realize that everything points to a pressor substance, but I wonder 
whether the results of Taquini are not due to the liberation of renin by the severe 
ischemia, a sort of extraction in life? 

Dr. Taquini (closing). — We have tried to produce muscle constriction with blood 
from the general circulation without success, but with blood taken directly from 
the kidney we obtained a wonderful muscle-constricting action. It seems that the 
blood from the totally ischemic kidney contains more of the pressor substance than 
that from the partially ischemic kidney, because when I tried to produce hypertension 
in the dog by direct injection of the blood from the ischemic kidney by another 
method, I failed. But with the blood from the previously ischemic kidney, I 
obtained results in all of the cases. 

I have the results here, and I will read some of them. This is the rate of per- 
fusion in the preparation of Lowen Trendelenburg. 

In the first experiment, the number of dogs injected with Ringer’s solution 
was 60; with plasma from the renal vein of a normal kidney, 66; with plasma 
from the totally ischemic kidney, 14. That means a diminution of about 65 per 
cent. 

In the second experiment, the number of dogs injected with Ringer’s was 71; 
with plasma from the renal vein of a normal kidney, 75; with plasma from the 
totally ischemic kidney, 2; making a diminution of about 95 per cent. 

In the third experiment the number of dogs injected with Ringer’s was 56; 
with plasma from the renal vein of a normal kidney, 63; with plasma from the 
totally ischemic kidney, 7, and so on. All of the experiments gave the same results. 

We don’t think that there may be changes in the secretory function, because, 
m the experience of Graffman and Kinney, only blood from the previously ischemic 
kidney produced, in the same dog, a marked pressor effect. The injection of 100 
c.c. of blood from the normal kidney does not produce any change in the blood 
pressure of the animal, but with blood from a kidney previously made ischemic 
there was a great hypertension. 


Discussion of the paper, “Clinical and Experimental Studies on Quinidine: With 
Clinical Application as to Method of Treatment in Auricular Fibrillation, ’ ’ by 
Dr. Samuel A. Weisman, Minneapolis, Minn. 


D). Lewis A. Conner, New York City. — It seems to me that many of the points 
'at Dr. Weisman has emphasized are fully deserving of such emphasis. 

I have thought that we had all been convinced by this time that quinidine 
"ot dangerous, in the ordinary sense of that word; and, if used wisely, 

Vfl ua kle and relatively safe drug. 


was 
was a 
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I am not sure that the method of giving quinidine in several doses close together 
during a part of the day, with nothing after that until the next day, is theoretically 
a satisfactory way. 

Sir Thomas Lewis, as you know, back in 1925, I think, showed that, in order 
to restore the normal rhythm, certain changes in the circus movement had to be 
produced by the quinidine and maintained for a certain time. As I recall it, he 
showed that the effect of a single dose of quinidine was not longer than four, or 
five, or six hours. The inference was that one ought to maintain the quinidine 
effect by doses throughout the twenty-four hours, rather than having a long free 
interval at night. 

Certainly, as I have used it, we have always continued the quinidine throughout 
the 24 hours. If we were using it in fairly large doses and expecting to get results 
within a very few days, two or three days, perhaps, we have always given it con- 
tinuously through the night at four-hour intervals. Whether that is necessary or 
even desirable, I don’t know. 

There can be no doubt of the desirability of restoring the normal sinus rhythm 
in a great many cases, probably in most cases, of auricular fibrillation, but I 
should like to raise the question whether that applies to every case of auricular 
fibrillation. Of course, the ones that are most doubtful are those of advanced 
mitral stenosis. My feeling is that they are better off, often, without normal 
rhythm. 

In the first place, the normal rhythm isn’t likely to be maintained very long. 
There may be exceptions; doubtless there are exceptions to that rule, but a patient 
with high-grade mitral stenosis and auricular fibrillation does not very often, I 
think, maintain a normal rhythm once the quinidine has been given and has been 
effective. 

But even if it does restore and maintain the sinus rhythm, I still raise the ques- 
tion whether that is a desirable thing in these advanced cases of mitral stenosis. 

I don’t know of any type of patient that is harder to treat effectively than 
just such a one with mitral stenosis who has not developed auricular fibrillation. 
The effects of digitalis are far less striking and satisfactory than when fibrillation 
is present. 

If, with fibrillation, one can maintain the rate at 60 or 65, the patient usually 
is much better off than if he has sinus rhythm with a heart rate of 80, 90, or 100. 

Dr. 3. L. Smith, Rochester, Minn. — In treating any patient who has auricular 
fibrillation, it must be remembered that we all have seen a great number of patients 
with chronic auricular fibrillation that has continued for many years, yet these 
patients have been able to live and be reasonably active in spite of this fact. 

I quite agree with the speaker that the occurrence of emboli as a result of 
administering quinidine has been greatly overemphaasized. 

I believe that there are certain patients to whom it is advisaable to administer 
quinidine, such as, first, patients who have the so-called idiopathic auricular fibril- 
lation, or patients who have fibrillation without any other evidence of organic 
heart disease ; second, patients who have a minimal amount of heart disease and 
do not have fibrillation of long duration; and third, patients suffering from hyper- 
thyroidism who continue to have fibrillation after thyroidectomy. 

I question the advisability of attempting to establish normal rhythm in patients 
who have serious organic heart disease, and especially in those who have hyper- 
tensive and arteriosclerotic heart disease with marked hypertrophy. 

I believe the greatest danger to such patients, if quinidine is administered to 
them, is that of sudden death. Sudden death in such instances is probably the 
result of depression of both the sinoauricular and auriculoventricular nodes for a 
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sufficient period to produce death. This danger must he considered seriously and 
weighed against the benefit that the patient receives when normal cardiac rhythm 
is re-established. 

Dr. Thomas Lee, Washington, D. C. — I rise chiefly to ask Dr. Weisman if 
he would explain to us how it is that patients with auricular fibrillation whose 
heart rates may be reduced, as I believe they can in nearly all cases, to a reason- 
able figure, GO, 70 or SO, if you wish, lose as much as 75 per cent of their cardiac 
efficiency because of their fibrillation. The heart muscle is the same. One must 
revert, then, to the question of the advantage that is gained by having the auricles 
add their propulsive force to the circulation. Although it is very easy to conceive 
that it may be 15 per cent, and doubtless is sometimes more, I cannot quite see 
how the difference would rise to 75 per cent in the same heart. 

I would feel with Dr. Weisman and the other speakers that it is very advantageous 
in most cases to have normal rhythm instead of auriclar fibrillation. However, 
it cannot always be done. 

I would like to bring forward the point that many patients can go on con- 
tinuously with auricular fibrillation with very good function for a long period of 
time. As a matter of fact, I am reporting tomorrow, at a meeting of one of the 
other societies, a case in which fibrillation has been present for thirty-five years, 
which is, I believe, the longest duration that has been reported in medical literature; 
the patient, now nearing 70 years of age, has been very active all of that time. 
His ventricular rate has been kept between 70 and SO, and his functional capacity 
lias been very good. 

I don’t wish to imply that I do not use quinidine very frequently. I think 
it is most effective in many cases. I think that in the type of case Dr. Smith has 
referred to, that is, in younger patients without very serious organic heart disease, 
it is most desirable to use it. But I want to emphasize the fact that in those cases 
in which its use is undesirable, especially including those which Dr. Conner has 
just spoken of, and those in which it is not effective, the heart may perform its 
function very satisfactorily, as has been brought out more and more in recent 
communications, for a. long period, in spite of auricular fibrillation. 

Dr. Joseph B. Wolft'c, Philadelphia, Pa. — Many studies have already been made 
and reported on the use of quinidine in auricular fibrillation. A number of years 
ago we divided our cases of auricular fibrillation at the cardiac clinics of Temple 
University and Mt. Sinai Hospitals and treated some of the patients with maintenance 
doses of digitalis, while to others we gave quinidine in a manner similar to that which 
has been so well described by Dr. Weisman. Strange to say, we had very fine electro- 
cardiograms to show as a result of the quinidine therapy. We restored normal 
rhythm in a great many cases, but we were amazed that over a period of time 
the mortality was greater in that group than among those who had been taking 
only maintenance doses of digitalis and, occasionally, quinidine, but without any 
idea of restoring normal rhythm. Particularly was that true of patients who suf- 
fered from arrested rheumatic heart disease with mitral stenosis. 

We feel, therefore, that it is extremely important to consider the etiologic fac- 
tor, rather than the disturbed physiologic state, before using quinidine. 

Ho one doubts that quinidine is a most valuable drug. In cases of auricular 
fibrillation caused by thyrotoxicosis, in which the underlying cause has been 
eliminated, or in cases of paroxysmal auricular fibrillation either of unknown origin 
oi caused by an autonomic disturbance, quinidine will aid in restoring the normal 
smus rhytlun, which greatly benefits the patient. On the other hand, in mitral 
stenosis we found it best to use it only as an adjunct, if necessary, together with 

igitalis, but by no means to attempt to restore normal rhythm. As a matter of 
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fact, . we feel that auricular fibrillation is a protective mechanism in many cases 
of mitral stenosis, like soldiers breaking step while crossing a weak bridge. 

If the pulse deficit and the heart rate are controlled, patients with auricular 
fibrillation may lead fairly long and useful lives. Strange as it may seem, very 
often at the bedside of a patient with advanced mitral stenosis who failed to 
respond to the ordinary methods of therapy, I have wished that we had some drug 
to induce auricular fibrillation. 

Dr. TVeismcin (closing). —The greatest danger of embolus formation occurs in 
auricular fibrillation, more so, perhaps, than after normal rhythm has been restored. 

Sir Thomas Lewis' experimental studies of the effect of quinidine on dogs 
showed that the maximum effect of the drug on the heart took place in about two 
hours. It was about twelve hours before the effect of quinidine was entirely gone , 
and almost twenty-four hours before the heart rate returned to normal. So, quini- 
dine does have a prolonged action, but we do not know yet whether it is best to 
give the quinidine every hour or every two hours. So far, our work indicates that 
• giving it every hour is very satisfactory. 

In cases of mitral stenosis it is most difficult to restore to normal rhythm, but 
once normal rhythm returns, the patients seem to get along satisfactorily. 

Dr. Smith: Many reports in the literature warn us against giving quinidine to 
old people, to patients with coronary disease, and to patients with mitral stenosis 
of long standing. Korns, of Cleveland, now of Iowa City, some years ago, in 
reporting his studies on quinidine, showed that some of the best results were ob- 
tained in old people, those with coronary disease, and patients who were more 
or less cardiac invalids. We, too, found that the most spectacular results were 
obtained in old people and in those with coronary disease and beginning signs of 
cardiac decompensation. 

Dr. Lee brought up the question of the efficiency of the heart after normal 
rhythm had been restored. This has been studied time and time again by many 
investigators, among whom were Eyster and Swarthout, Smith, Walker,' Alt, and, 
more recently, Kerkliof, of Minneapolis. Eyster and Swarthout showed that the 
efficiency of the heart diminished from 20 to 70 per cent when auricular fibrillation 
was present. 

Dr. Kerkhof made a study of the cardiac output of a group of patients with 
mitral stenosis and auricular fibrillation before and after normal rhythm was re- 
stored. He found that there rvas an average increase of about 25 per cent in the 
cardiac output after normal rhythm was re-established. 

Discussion of the paper, “Importance of Restriction of Salt as Compared to Water 

in Cardiac Failure,’’ by Dr. Henry A. Schroeder, New York, N. Y. 

Dr. Walter B. Hamburger, Chicago, 111. — In reference to these very interesting 
observations on the restriction of salt in cardiac failure, I should like to ask Dr. 
Schroeder whether lie believes the sodium or the chloride ion is the effective agent. 

In his reply I would be interested to know wbat potassium chloride, as a sub- 
stitute for sodium chloride, might do and also what role ammonioum chloride, which 
is given with the mercurial diuretics, may play. 

Dr. Schroeder (closing). — We have made no observations on the relative effect 
of sodium and chloride ions. It is known, however, that the sodium ion is impor- 
tant in edema due to low plasma proteins. The edema of congestive heart failure, 
although of different etiology, may be of similar mechanism, that is, a filtration 
edema. It is possible that the same factors with regard to the sodium ion are at 
work in both types of edema. No attempt has been made to- evaluate the effects 
of the potassium and the ammonium ion. 
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Discussion of tlie paper, “The Clinical Use of the Lag-Screen Electrocardiogram,” 

hy Dr. Graham Asher, Kansas City, Mo. 

Dr. Howard B. Sprague, Boston, Mass. — I should like to attest the excellence of 
this instrument that. Dr. Asher has devised. I had the opportunity of seeing and 
using his model just before it was decided to put it into commercial production, 
and to act as a consultant on technical matters in the manufacture of the machine. 

I think he has mentioned to you only the early immediate possibilities of the use 
of this instrument. Its usefulness is similar to that of the iluoroscope, as compared 
with the telcoroentgenogram. One of the other possibilities that could be mentioned 
is the routine checkup examinations of patients in offices, when one has a series of 
electrocardiograms on the same patient and docs not feel that it is necessary to 
fill up the files with a lot of routine electrocardiograms. Another is the possibility 
of rapidly examining large groups of people, such as students, men for the army, 
insurance applicants, or the like. 

It is now possible to stop the machine temporarily (it gives a very clear tracing), 
and to superimpose both time and amplitude lines for a short period on any part 
of the tracing that you wish. This is done by illumination through the back of 
the screen. 

The two criticisms that I have heard about this instrument arc that anyone who 
can interpret electrocardiograms, and, as Dr. Asher says, only such a person should 
use the machine, can get a pretty good idea of what is going on by watching the 
string shadow in the modern, portable instrument. But this instrument is far 
better. 

The other criticism is one that I just recently heard. It was said that this 
machine made it so easy for the consultant to make the diagnosis at the bedside 
that it embarrassed him because ho had to decide what he was going to do imme- 
diately, and could not. get back to his office to telephone later what the record 
showed. 

Dr. Aslicr (closing). — I want to thank Dr. Sprague for his kind criticism. I do, 
however, want to say that the making of this thing reminds me of the title that 
Dr. Hertzler first used for “The Horse and Buggy Doctor.” The title originally 
was “Too Dumb to Quit.” 

I think that sometimes, as we worked with these things, the knowledge of his 
struggle made us keep on, and perhaps we were too dumb to quit. 

Discussion of the paper, “Ligation of Patent Ductus Arteriosus,” by Dr. John 

P. Hubbard, Boston, Mass. 

Dr. C. Sidney Harwell, Boston, Mass. — I should like to make two observations 
concerning this very interesting and important jiaper of Dr. Hubbard’s. 

The first is to put on record my admiration for the imagination, determination, 
and skill which made it possible for these workers to conceive and develop this 
method of treatment. 

The second is to say just a word about one of the points made in the justification 
of this surgical procedure. 

Dr. Eppinger, in my laboratory, has had the privilege of analyzing blood ob- 
tained from the pulmonary artery and the adjacent aorta of two of these patients 
at the time of operation. The analysis of this blood has, for the first time, per- 
mitted a demonstration that the shunt, which we all have believed to be present, 
actually occurs. It has also given us some rather surprising information as to the 
magnitude of this shunt. 

Under the conditions of operation, with the anesthesia and the other phenomena 

endant upon operation, in the two patients that have been examined it can be 
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shown that approximately three-quarters of the blood which comes out of the left 
ventricle through the aortic valve immediately flows back into the lungs by way of 
the patent ductus arteriosus. 

Such an extraordinary loss of blood from the arterial system can be met in only 
two ways. One way is to subtract this from the peripheral circulation. When 
that occurs, as Dr. Hubbard suggests, if it occurs over a long period of time, inter- 
ference in growth may result. 

The second way, and, from our observation so far, apparently the main way, is 
for the left ventricle to increase its output greatly. A great increase in the output 
of the left ventricle obviously implies a corresponding, or nearly corresponding, 
increase in the work of the left ventricle, and presumably this explains the limita- 
tion which these patients have with respect to exercise and other activities. 

It seems to me that these measurements support the contention of Dr. Hubbard, 
namely, that a patient with a large, patent ductus arteriosus may justifiably be 
operated upon in an attempt to relieve the heart of this large increase in -work. 

Dr. William J. Kerr, San Francisco, Calif . — It is indeed a thrilling thing to live 
in a time when members of our profession have the imagination and the technical 
ability to perform this operation. 

Since last summer, when Dr. Gross performed this first operation for Dr. Hub- 
bard, we have hoped that we would be able to contribute something in this direction. 
About three months ago the opportunity presented itself to treat a young woman, 
26 years of age, who was already beginning to have cardiac failure because of this 
anomaly. We felt quite certain that there were no other serious abnormalities in 
the circulatory system. We -were bold enough to attempt it, Harold Brown, of San 
Francisco, performing the operation. 

We found, however, that in the adult it may be a little more difficult technically 
because the ductus lies so deep in the chest. We discovered something which is 
unusual in connection with this problem. This patient developed collapse of the 
lung and pneumonia and died subsequent to the operation. At the time of opera- 
tion, we were not certain that we had tied off the ductus. At autopsy it was found 
that there was no ductus at all, but that there was a fistula, 7 mm. in diameter, di- 
rectly between the aorta and the left branch of the pulmonary artery. I think this 
variation is quite unusual, and it is possible that others like it will be encountered. 

I understand that five patients have been treated Surgically at the Children’s 
Hospital in Los Angeles by Dr. Dolley, with very successful results in four, and a 
subsequent complication resulting in death in the fifth. 

One of the things Dr. Hubbard brought out, which I would like to emphasize, 
is that under the fluoroscope one may see tremendous pulsations of the pulmonary 
artery throughout the entire pulmonary field. This is particularly striking when 
there is a large fistula. 

Another thing of interest is in regard to the murmur. It is said that there is 
a systolic accentuation of the humming-top murmur in these patients. We have 
been able to show, however, that this murmur occurs about one-fifteenth of a second 
after the first sound; this can be brought out by means of the symballophone. 

Discussion of the paper, “Changes With Age in the Electrocardiogram in Adult 

Men,” by Dr. Alfred E. Cohn, Dr. William Hall lewis, Jr., and Dr. A. Garrod 
MacLeod, New York, N. Y. 

Dr. Louis N. Kats, Chicago, 111. — In regard to this fundamental work, I wish to 
ask whether or not it is justifiable to include as normal, in such a group, individuals 
with abnormalities in their electrocardiograms such as prolongation of the P-R or 
QRS intervals beyond normal limits, or inversion of T, or To. Until such time that 
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it is shown that these particular variables can be considered normal, is it not better 
to consider them, not as normal phenomena of senescence, but rather as abnormal- 
ities, even in the aged? After all, at every age abnormalities in the electrocardio- 
grams occur which arc not necessarily associated with symptoms and signs. In 
other words, what is senescence? When is it normal? When is it abnormal? Con- 
sequently', I would like to have Dr. Lewis discuss the justification for including the 
four or five individuals with abnormal electrocardiograms in the normal group of 
aged persons. 


Dr. Lewis (closing). — I should like to answer Dr. Katz’s question by remarking 
first that what we now consider abnormal may, when we have further knowledge 
about the exact events in senescence, come to be considered normal. 


This study has been carried on for some time, and reports have been already 
published about it. I, myself, was responsible for the selection of a group of men. 
None was an inmate of an institution. Every one was active. Some of the men 
(I think I might describe their clinical state to represent, how normal they were) 
had definite histories of activity over long years of life. The oldest man, 101 years 
of age, was the oldest living Yale graduate. One man, 01 years old, was extremely 
well known for his investigations, or for his work, as a cartographer with the 
United States Geological Survey in the West in 1SGG and 3S(i7. At the time of his 
examination, in 1934, he had the preceding summer and the succeeding summer 
arranged to go out to the Middle West again and relravel the old Oregon Trail. 

The observations that have been carried out. included not only the electrocardio- 
graphic examinations, but also records of blood pressure, urea clearance, and the 
size and shape of the heart in the teleoroentgcnogram, in order to give us as much 
detail as possible about the effects of senescence on the various biologic functions. 

In regard to the unusual electrocardiograms, or what have heretofore been con- 
sidered unusual electrocardiograms, I have some subsequent data on some of these 
men, and I might make a few points about them. 

Let us take one man who was 07 years of age at the time of his examination, 
in 1934. He was active, healthy, and, according to the various other tests of bio- 
logic function, such as the urea clearance and size and shape of his heart, normal. 
However, his electrocardiogram showed an inverted T,, measuring 1.2 mm., and an 
inverted T 2 , measuring 1.4 mm. He had had no symptoms indicating heart disease 
of any form, but his electrocardiogram, as I said, showed these abnormalities. 

He came for examination, of his own accord, about one month ago when I had 
an opportunity to see him in my office. He had retired from his official positions 
m 1934 at the age of sixtv-seven. lie had continued his many activities, however, 
m the five years since his examination. He had traveled all over the world on 
numerous missions as the active head of the International Council of Churches. He 
saul lie had never been busier in all his life. lie was the former head of the 
International Y.M.C.A. 


Another man who had a prolonged QRS interval, measuring, as I recall, 0.14 
second, but who gave no history of cardiac symptoms, has also been very active as 
a treasurer in the Y.M.C.A. organization for the past five years, and he is per- 
fectly healthy. 

On the other hand, there were men who, at the time of the selection of this 
group, had symptoms of heart disease, such as pain on effort, and yet had normal 
o ectrocardiograms. They were not included in the group ; not long afterward, it 
"as found that they had died of heart disease. 


• o, as a matter of fact, it may turn out that certain criteria established by 
ins mments of precision, which we have heretofore considered abnormal, may be, 
er all, normal when we come to deal with individuals over 05 years of age. 
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Section for th.e Study of tlie Peripheral Circulation 

Discussion of tlie paper, “The Saphenous Valves in Varicose Veins,” hy Dr. 

Edward A. Edwards and Dr. Jesse E. Edwards, Boston, Mass. 

Dr. Geza de TaJcats, Chicago, 111. — I do not feel at all competent to discuss this 
excellent paper from the histologic standpoint. 

Clinicians, of course, have long recognized that the valves in varicose veins are 
insufficient and that the flow of blood is reversed when the patient is standing. 
In some previous work, the authors have clearly demonstrated the valvular shrinkage 
and insufficiency which follow phlebitis. Today they showed with painstaking care, 
after studying a large number of patients, that in the uncomplicated, noninfected 
varicose vein the dilatation of the wall is tlie cause of a relative insufficiency. 

Whether this weakening of the wall is due to a congenital defect in the muscular 
or elastic elements, whether it is due to postural strain on a circulatory system 
which was originally designed for a four-footed animal, or whether the connective 
tissue of certain asthenic individuals is such that it gives way more readily to 
increased venous pressure, cannot be decided by purely morphologic studies. 

I believe, however, that one can And evidence for the existence of any one of 
these possibilities. Thus, in ligating veins at the saplienofemoral junction, one 
sometimes finds saccular venous aneurysms with a perfectly well-developed muscular 
wall surrounding them. One cannot help suspecting that there are segmental defects 
in the wall. In other cases, in spite of marked elongation and dilatation of the 
saphenous system, there is a pronounced muscular hypertrophy at the upper end of 
the saphenous vein, which is the normal response to venous hypertension. Again, 
in other patients, stigmas of an asthenic habitus, such as a long, narrow chest, a 
sharp costal angle, visceroptosis, and flat feet, signify that we are dealing with a 
diminished tonus, an inferior make-up of connective tissue. 

I should like to ask the authors whether they have found any evidence of absence 
or rudimentary development of valves in the perforating veins or the femoral vein 
above the saplienofemoral junction, as described by Turner Warwick. In our clinic 
we have watched for the incompetence of the femoral valve following straining or 
coughing and have found it in approximately 10 per cent of all cases. Absence of 
this important valve above the saplienofemoral junction is said to be found not 
infrequently at autopsy. It is the only competent valve between the right heart 
and the saphenous vein. Fluctuations of abdominal venous pressure can be Teadily 
transmitted to the lower extremities if this valve is incompetent. 

It is to be hoped that tlie authors will extend their studies to the valves of the 
iliofemoral veins and, perhaps, also to the sphincters in the caval system, such as 
have been described in the renal and hepatic veins. These sluice mechanisms open 
and close a large reservoir, and their varying tonus may be as important for venous 
return as the valves are. 

Their present study conclusively demonstrates that the valvular insufficiency, as 
far as the upper saphenous valves are concerned, is due to dilatation of the wall 
of the vessel, and not to local inflammation, degeneration, or rudimentary develop- 
ment of the valves themselves. 

Discussion of the paper, “The Mode of Development of Collateral Venous Circula- 
tion in the Extremities,” by Dr. Koss Veal, Washington, D. C. 

Dr. Norman E. Freeman , Philadelphia, Pa. — As before, Dr. Veal has made a verj 
splendid contribution to our knowledge and understanding of the problems of the 
venous circulation associated with acute obstruction. 
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I would like to take up this discussion under three headings. The first is the 
question of the reaction of the blood vessels to the initial closure or the initial 
thrombosis. That apparently sets up quite a vigorous arterial and venous spasm. 
Dr. Veal has called attention to the arterial spasm, which may be of such magnitude 
as actuallv to cause gangrene. I have observed one patient who has developed 
gangrene because of spasm following acute venous thrombosis. 

Two other patients whom I have seen also developed extremely severe arterial 
spasm as the result of acute thrombophlebitis. 

The second point is the venous spasm. We have been inlcrcsted, in Philadelphia, 
in observing these patients with their acute thrombophlebitis, and we have seen 
unmistakable evidence of acute spasm of the veins in the periphery distal to the 
site of thrombosis. 

Now, our interest in this grew, to a certain extent, out of the observation that, 
associated with acute thrombosis of the vein, the temperature of the affected ex- 
tremity frequently was higher than normal. Wc all recognize the fact that one of 
the signs of phlebitis is a hot skin. Hot skin means increase in blood flow. Heat 
must be brought from the body to the periphery and deposited there in order to 
have the skin hot. Wc know that the venous pressure is increased, but it is quite 
interesting that with an obstruction to the venous return there is actually more 
blood flowing out to the part and, therefore, there must be more blood flowing 
hack from the part. 

In view of these facts, there must be collateral venules available even during 
the acute stage, through which blood could come back from the extremity affected 
hv thrombophlebitis. 

We therefore decided, since wc knew that, blood was flowing out in increased 
amounts, that by compression of the veins by the application of a tight plaster we 
would be able to speed up the flow in the channels which were open and prevent 
stasis of blood in large, dilated veins with very high pressure. 

Our results have been just as splendid as those which Dr. Veal obtained by the 
use of his Unna boot from the toes to the knee. We have used the Ace bandage 
and bound the extremity from the toes to above the knee. 

As far as the character of the fluid is concerned, Dr. Veal spoke about the fact 
that when the lymphatics arc blocked an increase in edema formation occurs. One 
other fact should be mentioned, namely, that when there is an inflammatory reac- 
tion of the tissues in the lower leg, as, for instance, after acute thrombophlebitis, 
there will be an outpouring of fluid which is rich in protein. The blood vessels 
are damaged, and when the fluid is examined, one finds that the protein content is 
between 2 and 4 per cent. That is subcutaneous fluid in the area of tremendous 
edema, after an acute thrombophlebitis. 

If we can prevent those vessels from releasing this protein-rich fluid, we will do 
much to decrease the fibrosis and resultant incapacity after the period of recovery. 

Dr. Gcza dc Talcats, Chicago, 111. — There are certain points in Dr. Veal ’s excellent 
paper which I believe should not go undiscusscd. One is the sudden increase in 
'enous pressure on exercise in cases of axillary thromboses. These patients have 
definite intermittent “claudication” of the upper extremity when they exercise 
Amir arms. It seems to me that the high venous pressure would be capable of 
explaining that. 

In the lower extremity, the intermittent claudication is usually regarded ns an 
indication of impaired arterial circulation, but when a patient with axillary throm- 
i°sis exercises his arm, the pain becomes, very shortly, unbearable. We have ob- 
served that again and again. 

Another point is that this edema must bo due, at least in part, to certain vascular 
ie exes originating from the thrombosed vessels. In two instances, in patients who 
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had been in bed with the arm elevated, we were able to get rid of this edema after 
stripping the thrombosed vein, an observation which, of course, has been made by 
Leriche and others. 

The most important point, however, I think, is the idea that these patients with 
a deep thrombophlebitis can get up in a few days. Dr. Yeal did not make it quite 
clear, and I wish to ask him just when he allows them to get up. Certainly he 
does not let them stay in bed for four or six weeks. In a few cases we have 
allowed these patients to get up, wearing their elastic support from the toe to the 
groin. 

It is my impression that the incidence of embolism is certainly not higher in 
this group than it is among the patients who are made to stay in bed for a long 
time. 

In a recent survey of our cases of pulmonary embolism, we found that in only 
2 out of 100 was there a frank, deep thrombophlebitis. Therefore, it seems to me 
that, if a patient should have pulmonary embolism after getting up early, the 
chances are that he would have had it under any circumstances. In fact, our two 
patients who did develop pulmonary embolism were immobilized for as long as 
eight weeks. 

Dr. Irving S. Wriglit, New York, N. Y, — It has been our observation that allow- 
ing patients with thrombophlebitis to be up and about lias aggravated the local 
symptoms in many cases, even though embolism did not seem to occur oftener. 
This seems more likely to occur when the superficial veins are involved. 

I would like to ask Dr. Veal’s opinion regarding this. 

Dr. Yeal (closing).— -I am of the same opinion as Dr. de Takats, namely, that 
these patients should be gotten out of bed very promptly. In most of these cases 
the patient has been operated on, and one must therefore wait until the post- 
operative course is at such a stage that he may be allowed out of bed with safety. 

As for the local symptoms, if the boot is placed high enough and firm enough 
we have not yet found that it has caused any pain or increase in other symptoms. 
It seems that the heat kept in by this boot tends to release the spasm of the 
arteries and veins, and it certainly lessens the edema. 

One other point I did not bring out. During the acute stages, before one can 
let the patient out of bed, there are likely to be increased edema and some cyanosis. 
We have found that alternating the position of the bed tends to relieve this edema 
and cyanosis. We elevate the foot for an hour and then reverse the procedure and 
elevate the head. It certainly brings about some relief and prevents the formation 
of too much edema. 

Discussion of the paper, “The Significance of Vascular Hyperreaction, as Measured 

by the Cold-Pressor Test,” by Dr. Edgar A. Hines, Jr., Rochester, Minn. 

Dr. Irvine H. Page, Indianapolis, Ihd. — Dr. Hines has, I think, developed an 
impressive body of evidence in the past six years. The effort to estimate the 

responsiveness of the vascular system by some method such as the cold-pressor test 

has aways seemed to me to be desirable. Among the many methods proposed, none 
seems to be simpler than Dr. Hines’ test. Probably it is actually a combined cold 

and psychic stimulus, because immersion in water at 4° C. is quite painful. I hare 

seen many patients complain bitterly of the cold when the lumd was immersed in 
ice water. 

Obviously, the important question to be answered is whether or not, in fact, the 
cold-pressor test enables us to predict the development of hypertension. In favor 
of this opinion is chiefly the observation that more cases of hypertension occurred 
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ia tl»e small number of liyperreactors originally studied by Ilines and Brown than 
in the liyporeactors. As Ilines points out, we shall have to wait ten years before 
this can be conclusively established. 

It is alarming to hear that if both parents are liyperreactors, 95 per cent of the 
children react similarly. This would almost surely doom the children to hyperten- 
sion. I think Dr. Ilines would agree that, while this may bo the trend, it by no 
means necessarily seals the children’s fates. I have, and doubtless the rest of you 
have, seen persons, both of whose parents had hypertension; yet they were without 
a sign of it. In one family I watched for its appearance confidently for seven 
vears, with no success, although the children had entered the fourth and fifth 
decades. 

It is needless for me to point out the importance of this work. It is worth 
suggesting that physicians apply this test to large groups of patients who can be 
followed from year to year, so that the question of whether or not this test fore- 
shadows the future may be answered definitely. But under no circumstances should 
the patient be told the result. Perhaps the result should be sealed in an envelope, 
like election predictions. 

My personal feelings are mixed, regarding this test. I nave employed it with 
varying success. Now that I have seen Dr. Hines’ figures, I sense that the burden 
of proof is gradually being shifted to the disbelievers. Whatever one’s personal 
opinions in the matter, sufficient evidence has been presented to demand an un- 
equivocal answer, and the rest of ns should lend a helping hand. 

Dr. John IT. Miller, New York, N. Y. — Last year Dr. Maurice Bruger, of New 
York Postgraduate Hospital, and I became interested in the possible application 
of this cold-pressor test, as a clinical method for differentiating essential hyperten- 
sion from the secondary forms of hypertension, particularly the type seen in chronic 
renal disease. 

A group of normal hypo- and liyperreactors was also studied for purposes of 
statistical evaluation. We followed the procedure of the test as outlined by Dr. 
Hines, except that we used a recording sphygmomanometer instead of the ausculta- 
tory method. I will not go into all of our results, as they will appear later in the 
American Heart Journal, but the responses of our normal liyporeactors and 
liyperreactors, as well as of the patients with essential hypertension, closely paral- 
leled and confirmed the observations of Dr. Hines. 

One not infrequently encounters a patient with hypertension and urinary abnor- 
malities, in whom it becomes very difficult to determine whether the elevation of 
blood pressure is due to kidney damage, or vice versa. 

In our patients with proved nephritis, 73 per cent of whom had hypertension, 

found that the mean response to the cold stimulus was 1G.2 mm. in systolic, 
and 12.G in diastolic, pressure. These figures, though slightly above the mean 
response of the normal hyporcactor group, showed no appreciable deviation when 
compared statistically. I note that they are within 1 mm. of the mean response 
for the entire normal group given by' Dr. Ilines. 

Ithile we were carrying on our studies, Allen and Smirk reported their results 
"ith this test and showed that, unlike most patients with essential hypertension, 
patients with nephritic hypertension do not exhibit a hyperpressor response to cold; 

"ever, their patients with renal hypertension gave a response lower than the 
formal hyporcactor group. 

In view of this work and our results, we concluded that a hyperreactor response 

a patient with arterial hypertension would exclude chronic renal disease as the 
. cause. 
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We do not feel that the converse of this holds true, as we found that 24 per 
cent of our patients with essential hypertension gave a response within the limits 
of normal. This group must he the subject of further investigation. 

In order to determine, if possible, the factors causing this lack of hyperreactor 
response in some patients with essential hypertension, we subdivided this group 
according to the degree of arteriosclerosis present, the presence or absence of 
albuminuria, the duration of hypertension, and, finally, according to age. 

It was found that those individuals exhibiting moderate to severe degrees of 
arteriosclerosis, those having albuminuria and secondary manifestations due to 
nephrosclerosis, and, finally, those between the ages of 65 and 75, had an appreciably 
smaller response to cold than did those who had few or none of these complications 
or were younger. 

However, we do not feel that these factors alone account for the lack of a hyper- 
reactor response in some patients with essential hypertension. 

As Dr. Hines has stated, it will take another ten or twenty years to ascertain 
whether or not essential hypertension occurs among the present normal liyporeactor 
group. Should this occur, we feel that it may possibly explain the small percentage 
of normal responses encountered in the essential hypertension group. 

Dr. Dines (closing). — I appreciate Dr. Page’s and Dr. Miller’s discussions of 
my paper. I agree with Dr. Page that the general use of the cold-pressor test to 
predict the future development of hypertension is not indicated at the present time. 
As I stated previously, the main purpose of this presentation was to show that a 
prehypertensive, or an antecedent stage, of essential hypertension exists. Unques- 
tionably, it -will take another five or ten years to determine definitely how many 
of the hyperreactors will develop essential hypertension. Furthermore, the test does 
not indicate when hypertension will appear or how severe it will be if it does. I 
think that we have enough phobias without adding the phobia of high blood pressure. 

My experience with the test in patients with chronic nephritis, although more 
limited than that of Dr. Miller, is similar to his. I have not found the reactions 
in patients with renal disease to be as marked as in those with essential hypertension. 

Discussion of the paper, “The Cardiac Factor in Experimental Vasomoter Hyper- 
tension,’ ’ by Dr. Norman E. Freeman and Dr. W. A. Jeffers, Philadelphia, Pa. 

Dr. J. Murray Steele, New York, N. Y. — I have only one or two words to say. 
It is an extraordinarily interesting piece of evidence for the existence of a choice 
of innervation in an organ; without adrenalin, the sympathetic nerves seem to he 
able to do for the heart what it needs; without the sympathetic nerves, adrenalin 
seems to be able to arouse the response. 

There is a large number of factors involved in the hemodynamics of this situa- 
tion. Decrease in tone of the heart muscle, whether due to lack of adrenalin or to 
failure of the nervous mechanism, might prevent the output of sufficient amounts 
of blood to give rise to hypertension. Or, decrease in tone of the splanchnic vessels, 
due to either of the two mechanisms, might prevent the return flow to the heart 
to such a degree that high arterial pressure could not be maintained. 

I noticed that the rate did increase in somewhat similar fashion to the increase 
observed by Heymans. One needs very badly to know also whether cardiac output 
changed, before deciding precisely what mechanisms are involved. 

One would like to know, also, whether, under the circumstances under which 
hypertension does not occur, stimulation of the carotid sinus mechanism has the 
same effect as when nerves of the heart have not been operated upon. 
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' There are some experiments of Barcroft that are of interest in this connection, 
too. One can imagine that tho whole reaction, the whole development of hyper- 
tension, might take place in the first few beats of the heart. If the aorta is 
abruptly clamped, there is an immediate and sudden pressor response, which dies 
off gradually in the course of forty or fifty minutes. That rise in pressure can be 
completely inhibited if the return flow from the splanchnic region is cut off by 
clamping, at the same moment, the inferior vena cava. Suppose, then, that some 
change occurred in the heart or in the great veins to prevent increase in the return 
flow during the first few beats; the immediate large increase in pressure might never 
occur. 

I should like very much to know whether Dr. Freeman has measured cardiac out- 
put, and whether lie has tested the response to the carotid sinus mechanism. 

Dr. Freeman (closing). — We have attempted to measure cardiac output with the 
hallistocardiograph of Dr. Starr and have observed in normal dogs that there is a 
marked increase in the force of ejection. 

It is difficult to analyze exactly what happens after operations have been per- 
formed on the dog, but it docs modify the reaction. I think that Dr. Steele has 
put his finger on the crucial point which is involved in consideration of this form 
of hypertension, and that is the question of the cardiac return, the return flow of 
blood to the right heart. 

According to Starling’s concept, the heart will put out whatever blood it receives, 
independent of the peripheral resistance, so that, with a given return of flow to 
the right heart, the pressure will vary directly with the peripheral resistance. 

On the other hand, as the peripheral resistance is increased, unless the cardiac 
output is maintained constant, there will be a decrease in blood flow, because, as 
the resistance is increased, provided there is not a rise in blood pressure, the return 
flow will be diminished. 

It seems to us that the failure to obtain hypertension in this experiment is 
probably aseribable to a deficiency in cardiac output. That is, the peripheral 
resistance increases but the return flow of blood to the heart is diminished. 

I thank Dr. Steele very much for his discussion. 

Discussion of the paper, “The Effect of Heparin in the Prevention of Thrombosis 

Experimentally Produced in Various Blood Vessels,” by Dr. D. Y. Solandt, Dr. 

E. Nassim, and Dr. C. H. Best, Toronto, Canada. 

Dr. Irvine H. Fage, Indianapolis, Ind. — The results which Dr. Solandt, Dr. Nas- 
sim, and Dr. Best report leave no doubt about the effectiveness of heparin in 
preventing the thrombosis which is ordinarily produced by sodium ricinoleate. It 
is probably not too much to suppose that it will be equally effective in preventing 
thrombosis from other causes. 

The method used for producing thrombosis is an interesting one. I should like 
to ask whether other, simpler, soaps also produce thrombosis. Dr. E. V. Allen and 
I (Arch. f. exper. Path. u. Pharmakol. 152: 1, 1930) found that the ricinoleates 
were the most toxic of all the soaps we studied, that the highly unsaturated soaps 
were next, and that the saturated soaps were least toxic. Can you explain the 
mechanism of thrombus formation by soaps? 

Obviously, a most important question is whether or not heparin can be employed 
t lerapeutically to arrest thrombus formation. Certain evidence indicates that it can, 
and Dr. Best and his associates can tell you of this better than I, because I know 
that they have been concerned in several of these attempts. It has gradually come 

o be realized that thrombi do not form instantaneously, so that there is time to 
arrest the process if it can be detected. That heparin can arrest it seems clear 

rom the results we have just heard reported. Two problems immediately arise: 
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!• I s heparin the best anticoagulant for the purpose? 2. Can the diagnosis of early 
-thrombus formation be made early enough? My belief is that heparin is, so far, 
the best, though by no means the cheapest, anticoagulant. 

Synthetic substitutes for it may soon be found. Certainly a start has been made 
in the early diagnosis of coronary thrombosis. I need only cite Dr. Kerr’s recent 
•work. Since the work of Dr. Solandt, Dr. Nassim, and Dr. Best has done the im- 
portant service of calling attention to the necessity of early diagnosis by placing 
a therapeutic tool in the hands of the physician, there will doubtless be a rapid 
advance in the efficiency of our diagnosis. The opening of new vistas in medicine, 
such as this, should give us pride in clinical investigation. 

Dr. Arthur M. Master, New York, N. Y. — One cannot emphasize too much how 
important heparin may prove to be. We had occasion only yesterday to report 
that, in our post-mortem examinations of patients with coronary occlusion, almost 
half showed mural thrombosis and that embolism therefore was frequent. Perhaps 
heparin may prevent all this. 

Another .way of emphasizing the importance of the .problem is to tell you that 
we now have a paper in press in which, with the help of board of health agencies, 
we have shown that at least half a million attacks of coronary occlusion take place 
yearly in this country. 

Now, in regard to the premonitory symptoms, it has been reported that as high 
as 50 per cent of the patients do have premonitory symptoms. So, it may be pos- 
sible to use heparin before occlusion has actually occurred. Certainly, it might be 
important to use heparin in those who suddenly develop a severe anginal syndrome 
due to coronary sclerosis. 

I have not had any experience with the acetylcholine method of producing coro- 
nary thrombosis, so that the questions I raise are entirely theoretical. Dr. Solandt 
brought out that the mode of occlusion here is apparently different from that which 
takes place in man. In the latter, as you know, occlusion usually occurs as a result 
of intimal hemorrhage, whereas here it is really a clot formation on injured 
endothelium. 

My last point is this: I wonder whether or not it would be worth while to take 
older dogs, who have, perhaps, coronary sclerosis, tie off a coronary artery, and 
then, after two days, or, perhaps better still, in the second week, give heparin and 
see whether it will prevent mural thrombosis and embolism. 

Dr. John J. Sampson , San Francisco, Calif. — In confirmation of what Dr. Master 
has just stated, I wish to make a brief comment. Approximately two years ago, 
both Dr. Feil, of Cleveland, and Dr. M. Eliaser and I, in San Francisco, reported 
series of cases in which it was shown that in approximately 50 per cent of the 
cases of coronary artery occlusion the onset could be predicted by the occurrence 
of a certain, definite, premonitory symptom. This w r as persistent pain, which was 
not relieved by nitrites and was not followed by any of the recognized character- 
istics of acute coronary occlusion, such as, most particularly, the leucocytosis, in- 
creased erythrocj'te sedimentation rate, or fever. There were no electrocardiographic 
changes in the majority of our cases. 

It was felt, in discussing this syndrome with Dr. Foil recently, that perhaps 
these were instances of subintimal hemorrhage which later extended sufficiently to 
produce completely occlusive arterial thrombosis. Whether or not we can prove tins 
pathologically remains to be demonstrated. 

Dr. Chester M. Kurts, Madison, VTis. — I think there is no question that heparin 
may now be regarded as a very potent drug -in combatting thrombosis. However, 
there is one important precaution to be observed, namely, that one should carefully 
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differentiate between thrombosis and hemorrhage, particularly in cerebral accidents, - 
before administering this preparation. In the presence of thrombosis, heparin is 
definitely indicated, but if one is dealing with hemorrhage, the condition may be 
aggravated rather than helped. 

As has already been proposed by others, heparin may prove of value in the treat- 
ment of subacute bacterial endocarditis. There is reason to expect that some de- 
rivative of sulfanilamide will be developed which will have the power of destroying 
the Streptococcus viridans in the blood stream. If some drug such as heparin could 
be depended upon to inhibit or prevent the formation of the thrombotic vegetations 
on the heart valves which are known to protect and promote the growth of the 
organisms, there is a possibility that the infection might be overcome. Even if the 
heparin had to be given continuously over a period of time, it might prove of value 
and possibly provide another weapon against this disease which, at the present time, 
is fatal in practically 100 per cent of all cases. 

Dr. Irving S. Wright, New York, N. Y. — We have had occasion to utilize heparin, 
and I should like to mention one experience which we had because I think it might 
be of interest to the audience as. a whole. 

This was in a patient with migratory thrombophlebitis, an individual who had 
had a fever for four or five months without amelioration from any form of therapy 
which we had been able to utilize, until we started with heparin. 

We gave him heparin for twelve consecutive days intravenously, according to Dr. 
Best’s own directions. During that time his temperature dropped to normal; in 
fact, it dropped to normal within six hours of starting the heparin and remained 
normal during the twelve days and for ten days thereafter. 

After that period of time the temperature again began to show an irregular 
upward trend, which has persisted to date (many weeks). On the second attempt 
with heparin, about three weeks later, no effect whatever on the fever could be 
demonstrated. 

There seemed to be no question that within a few hours of the original admin- 
istration there was a heparin effect which persisted for the twelve days of ad- 
ministration and for ten days thereafter. 

As noted, we were unable to repeat this experience, and I would like to hear 
Dr. Solandt’s reaction on this matter. 

Dr. Solandt (closing). — Putting the last first, I think it is a common experience 
that the fever caused by thrombophlebitis does very regularly drop quite soon after 
commencing the administration of heparin. We have no idea why this is so, be- 
cause, as far as we have been able to discover, heparin lias absolutely no effect on 
clots already formed. - It prevents the further extension of the thrombus but has 
no effect on that already formed. I have no idea why the fever was dispelled in 
the first instance and was not affected in the second. 

Coronary occlusion in old dogs will not, with any degree of certainty, bring 
about mural thrombus formation. We thought that it probably would, and we 
tested this idea in a number of old dogs by simply tying the coronary arteries. 
We obtained no mural thrombi. 

I am very much interested to learn that so many physicians find useful premonitory 
S1 gns associated with coronary thrombosis. The clear recognition of such signs will 
greatly facilitate the application of heparin to the treatment of this condition. 

The cost of heparin is certainly a drawback to its use. At present, to heparinize 
a patient adequately about doubles the cost of hospitalization. In Canada it costs 

rom four to seven dollars a day to keep the clotting time around tw'enty minutes. 

believe that at present heparin is not made in the United States, so that you 
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Yrould add GO per cent to that figure. That possibly suggests a simple way by 
which you might reduce the cost of heparinization. 

Discussion of the paper, "Activation of Renin and Its Vasoconstrictor Properties,” 

by Dr. Kenneth G. Kohlstaedt, Dr. Irvine H. Page and Dr. 0. M. Helmer, In- 
dianapolis, Ind. 

Dr. J. Murray Steele, New York, N. Y.—I can add very little to this really 
beautiful piece of work on a substance which has recent]}’ been investigated with 
increasing interest. Since the time of Tigerstedt and Bergmann, all of the work 
combined has served chiefly to show that renin can be quite regularly recovered 
from normal renal tissue. It has also been purified to a much greater extent. 

But the discovery that it was not simply a single, simple substance, apparently 
manufactured by the kidney, with a direct constricting action on the peripheral 
arterioles, lias revolutionized our thinking about the matter. We no longer think 
in such simple terms. We have to consider enzyme systems; we have to consider 
the possibility that two substances may have to combine in order to act. The 
possibility also exists that the absence of a substance which normally counteracts 
the action of renin must be considered. But, at any rate, it has distinctly changed 
our whole manner of thinking about renin. 

It seems almost impossible that such a very potent substance can be present in 
normal renal tissue in much larger amounts without having a certain significance. 
One may think of it as supplying a long-range regulation of blood pressure, for 
it is not likelj’ that pressure is ordinarily maintained by stimulation of the sympa- 
thetic nerves or by the constant inflow’ of adrenalin. 

Perhaps such a substance that acts a little more slowly, whose action is a little 
more persistent and so well distributed over the whole arterial musculature, is the 
basis, the background, for the regulation of normal blood pressure upon which 
regulation by nervous mechanisms and adrenalin is superimposed. 

It is at the moment difficult to link renin directly to hypertension, but this paper 
of Dr. Kohlstaedt, Dr. Page, and Dr. Helmer removes one more objection to doing so. 

There are one or two questions I should like to ask. Have you attempted to 
inject plasma or purified renin separately in order to determine the time necessary 
for the two to react, that is to say, perfusing with serum present, then injecting 
a small amount of renin, and vice versa? How long after one is injected can you 
inject the other and obtain an effect? That might give some information as to 
the way these two parts of the whole interact. 

I should like to congratulate Dr. Kohlstaedt, Dr. Page, and Dr. Helmer on this 
remarkable addition to our knowledge of renin. 

Dr. Norman E. Freeman , Pliiladelpliia, Pa. — Since the kidney has been identified 
by Goldblatt as the cause of the rise in blood pressure associated with clamping 
the renal artery, a series of different concepts has evolved. 

Pirst, there is the question of a pressor substance, which was not excreted. Then 
there is a pressor substance which is normally formed in the kidney and is normal!} 
excreted, but is not excreted when the renal artery is clamped. Recently, T. R. 
Harrison has suggested that normal kidney has an antipressor substance. 

I think one of the most interesting and most suggestive concepts is the one 
which these investigators, Dr. Kohlstaedt, Dr. Helmer, and Dr. Page, have sug- 
gested today. We know that there is a substance, renin, present in the kidne}, 
and the possibility that a coactivator is increased with disease of the kidney is, 
I think, extremely suggestive. 

There is one question I would like to ask Dr. Kohlstaedt. He has mentioned 
vasoconstriction in the dog's tail. Studies on renin at other laboratories seem 
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to indicate that a rise in blood pressure is produced in an intact animal when 
renin is injected, but there is not a preferential vasoconstriction in the periphery. 

I wonder if Dr. Kohlstaedt can explain how he harmonizes this observation 
with his findings. 

Dr. Alberto C. Taquini, Buenos Aires, Argentina. — We have found a pressor 
substance in the plasma of blood from an ischemic kidney, as in the experiments 
described. This was not present in normal plasma. When normal plasma is made 
of chemical substances, in order to separate the globulin and albumin, the pressor 
substance appears. 

I am wondering if the renin dialysate, mixed with normal plasma, may produce 
these substances, which I feel are different from those liberated by the ischemic 
kidney. 

Dr. Myron Prinzmetal, Los Angeles, Calif. — I wish to congratulate these workers 
on this very beautiful and important work. I should merely like to ask whether 
they have examined renal-vein blood of the ischemic kidneys of hypertensive ani- 
mals to see whether the activator is present in increased quantities. 

Also, I would like to point out that Dr. Ben Friedman and his co-workers iiave 
done similar experiments, but I think they came to the same conclusions. Fried- 
man perfused an isolated dog’s tail with plasma, plus renin, and obtained a con- 
striction of the vessels of the tail, but when he perfused the tail with Ringer’s 
solution, or with saline, he did not obtain any constriction at all. 

Friedman’s observations agree very well with those reported here today. 


Dr. Louis A T . Katz, Chicago, 111. — I want to add my congratulations to those 
of the previous speakers. I think, for the first time, we have a way to explain 
why the substance first described by Tigerstcdt and Bergmann might operate in 
the production of hypertension. 

The results with renin arc coming so fast from so many places that I think 
the question of priority nowadays, with modern transportation, radio, and, soon, 
television, need no longer concern us. 

It is interesting that the observations just hinted at in this report, regarding 
the fact that renin is apparently not a sympathomimetic substance, we have been 
able to confirm in our laboratory. 

I wish to know whether the authors have attempted to correlate this activator 
substance with the adrenal gland. They discussed the hypophysis, but there is 
still a controversy about the role of the adrenals. Is it possible that this coenzyme, 
or activator, or additive substance, comes from the adrenals? 

Dr. Kohlstaedt (closing). — I wish to thank all the discussers. I will do my best 
to answer the questions, although some will be rather difficult because, as you all 
have seen, we have only begun our work. We feel that this method is still rather 
inadequate for close quantitative comparisons. 

In answer to Dr. Steele’s question, we have found that after long, repeated 
injections of renin, we were able to inject the plasma alone and produce vaso- 
constriction. 


I am unable to explain fully Dr. Freeman’s question. Vasoconstriction, which 
is not shown in the experiments, may be produced in parts of the body by renin. 


In answer to Dr. Prinzmetal’s question, the renal- vein blood has been studied, 
hut we do not feel that we have carried on enough experiments to say that this 
lood contains less of the activator than the peripheral blood. 


In answer to Dr. Katz’ question, we have studied adrenalectomized animals, 
and find adrenalin present, but whether it is altered in quantity we are not certain. 
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Discussion of the paper, “The Effect of Deproteinated Pancreatic Extract in the 

Treatment of Intermittent Claudication in Arteriosclerotic Peripheral Vas- 
cular Disease (Intramuscular and Intravenous Administration),” by Dr. A. 

Wilbur Duryee and Dr. Martin Pisher, New York, N. Y. 

Dr. Nelson Barker, Rochester, Minn. — Carefully controlled experiments by a num- 
ber of different investigators have demonstrated that several different types of 
tissue extracts, when administered intramuscularly to human beings, exert an in- 
hibiting effect upon the symptom of intermittent claudication. In general, this 
effect is inversely proportional to the degree of arterial insufficiency. 

Unfortunately, we know relatively little concerning the exact constituent of these 
extracts which is responsible for the effect on intermittent claudication. It is an 
open question whether the present method of standardization of these extracts has 
anything to do with the anticlaudication factor. Efforts to demonstrate vasodila- 
tation in human beings following intramuscular injection of pancreatic extract 
have failed, even though a definite inhibitory effect on intermittent claudication 
has been observed in the same individual during the same period. 

It is possible that the factor in the extracts which inhibits intermittent claudica- 
tion acts directly upon the muscle itself, or on the metabolism of the muscle, rather 
than indirectly tlirougli an increase in the flow of blood. In support of this con- 
cept is the observation that in a few cases of myasthenia gravis, intramuscular 
injections of tissue extracts have resulted in definite improvement of muscular 
strength and tone. Therefore, I think that there are definite objections to standard- 
izing any of these preparations, including the deproteinated pancreatic extract, on 
the basis of inhibition of the vasoconstriction effect of epinephrine. 

I should like to congratulate Dr. Duryee on his excellent, well-controlled experi- 
ment on a condition which does not readily permit of controlled experiments. At 
The Mayo Clinic we have used deproteinated pancreatic extract in a limited number 
of cases and, in general, our conclusions regarding its effectiveness are in agree- 
ment with those of Dr. Duryee. 

One very obvious advantage of the aforementioned extract over other tissue 
extracts which have been used in the treatment of intermittent claudication is the 
fact that it does not produce pain at the site of injection. A second obvious 
advantage, as Dr. Duryee said, is the fact that the removal of the protein from the 
extract apparently removes the danger of systemic reactions. It appears that 
deproteinated pancreatic extract has just as good an effect on intermittent claudi- 
cation as any of the other tissue extracts, and that it therefore represents an 
advance in this type of therapy. 

Dr. Joseph B. Wolff e, Philadelphia, Pa. — The interesting work presented by Drs. 
Duryee and Fisher will aid greatly in determining the therapeutic value of pan- 
creatic extract. 

In 1929, when we first published a paper on the therapeutic application of an 
extract prepared from the pancreas, we were of the impression that extracts of 
all tissues had similar effects, and suggested the name “Tissue Extract,” which 
we have used in subsequent publications. Further studies revealed that whereas 
similar extracts of various tissues have properties which are common to all, they 
also have properties which are specific for each particular tissue. In addition, it 
is also well to designate specifically the method of extraction, as well as the par- 
ticular tissue employed, since different methods of preparation produce extracts 
with different properties. 

The clinical employment of this particular type of pancreatic extract was sug- 
gested by the following observation: Dr. Yaquez, of Paris, noted that the stenocardia 
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of diabetic patients was greatly benefited when impure insulin was used. Thus, 
in addition to controlling the diabetes, he was able to relieve a great many of 
the patients of attacks of angina pectoris. When he used purified insulin, lie found 
that not only did he fail to relieve painful cardiac failure, but that a great 
number of the patients developed anginoid attacks while under treatment. 

Impressed by these observations, I felt that there must be an important by- 
product which was being discarded during the manufacture of insulin. With the 
aid of Sharp and Dohmc’s chemists and pharmacologists, we were able to prepare 
a fairly potent and moderately well-standardized preparation which we called 
"Tissue Extract No. 5GS. ” In this insulin-free pancreatic extract we found one 
fraction which has hormonal qualities, is parasympatliieotropic, neutralizes epineph- 
rine, and, whether alone or in combination with another fraction, influences lipoid 
metabolism. 

Time will not permit me to mention many other pharmacologic properties 
which this extract possesses. We believe that the therapeutic value of pancreatic 
extract is the result of its influence on fat metabolism and its ability to neutralize 
epinephrine. We have also shown (at the Physiological Congress in Rome, in 
1932, and again in Leningrad, in 1935) that if this substance is administered for 
a long period of time the blood-fat level falls. The deprotcinized pancreatic ex- 
tract which Dr. Duryee is using is simply Tissue Extract No. 5GS in slightly puri- 
fied form. 

Judging from our studies, the best results obtained with this particular pan- 
creatic extract (dcsyinpatonc) are in cases of atheromatosis. Whether the lesions 
predominate in the vessels of the lower extremities, the coronaries, the aorta, the 
brain, or the kidneys makes very little difference. We look upon atheromatosis 
as a sequela of disturbed lipoid metabolism, most commonly secondary either to 
hepatic or pancreatic disease. Therefore, whether we are dealing with intermittent 
claudication, angina pectoris, visual disturbances, transitory hemiplegias, or any 
other symptom caused by an impairment of the circulation, if it is caused by 
atheromatosis we would expect to benefit the patient by administering this pan- 
creatic extract, since by so doing we are attacking the underlying etiologic factor. 

It is important to bear in mind that the preparations on the market are not 
as yet standardized carefully enough. Etiologic factors should be considered care- 
fully, and pancreatic extract should not be used indiscriminately in all circulatory 
disturbances. Improper employment of t lie substance may lead to seemingly con- 
tradictory results and discourage investigators from studying this important sub- 
ject. 

We are at present investigating the effects of various fractions of pancreatic 
extract and have been fortunate in enlisting the cooperation of members of the 
Biochemical Division of the Franklin Institute. I feel certain that a very impor- 
tant substance will be isolated which will aid greatly in the prevention and treat- 
ment of atheromatosis. 

Drs. Duryee and Fisher should be congratulated on their continued efforts in 
the application of a new remedy. 

Dr. Duryee (closing). — I want to thank Dr. Barker and Dr. Wolffe for their 
excellent discussion of this subject. We realize only too well that the real action 
of this substance or substances (there is probably more than one in .these extracts) 
1S not known, and we are hoping that the next two years will see a considerable 
amount of work done in various research centers on this subject, so that perhaps 

ne may obtain a substance that can be easily and readily standardized, such as 
msulin. 
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Discussion of the paper, “Effect of Estrogenic Substances Upon Vasomotor In- 
stability in Human Extremities,” by Dr. Louis G. Herrmann, Cincinnati, Ohio. 

-Dj. Kenneth Thompson, New Haven, Conn. — I feel somewhat apologetic in dis- 
cussing Dr. Herrmann's paper, since he has had such wide experience in these 
matters, whereas I have only recently begun to study the peripheral vessels. 

Having devoted the last dye years to a study of endocrine glands, perhaps I can 
make a few suggestions in regard to therapy. I think the first thing to decide 
is whether the endocrine therapy is directed toward the primary cause of the 
malady or toward symptomatic relief. 

I think that almost every endocrinologist would agree that the estrogens or other 
sex hormones probably have some effect upon the peripheral vessels, especially 
those of the skin. There is a good deal of evidence from various sources to sup- 
port this statement, as illustrated by the following observations: the blushing of 
the newborn infant is thought to be caused by the extremely high estrogen content 
of the mother’s and baby’s blood at the time of birth; it has been demonstrated 
recently that the skin of eunuchoid men has a greater circulation of blood following 
androgen therapy; likewise, I think reliable experiments have demonstrated that 
the peripheral circulation is increased with estrogenic therapy. 

Dr. Herrmann’s main point, I believe, is that with estrogen therapy his patients 
with peripheral vasospasm have found benefit. I think the facts he presented are 
sufficient to warrant a further study of this form of therapy. These investigations, 
I think, should be carefully controlled with observations of the endocrine glands 
as well as of the peripheral vascular system. Dor instance, in the case of women 
we are able, by means of the endometrial biopsy, to obtain a fairly accurate 
estimate of exactly what activity is going on in the uterus and in the ovaries. We 
can tell whether the patient ovulates and produces a corpus luteum, or whether 
she doesn’t. Whether the corpus luteum was acting in concert with the estrogens 
in Dr. Herrmann’s experiments we do not know. Such endometrial studies should 
be carried out in his patients, in addition to the carefully controlled studies of the 
peripheral circulation. 

I have not treated any patients with estrogens, but I have treated some with 
the androgen, testosterone propionate. I became interested in it because, two 
years ago, I started treating a eunuchoid man of twenty-eight with testosterone, 
and in the course of a year found that his calf muscles began to hypertrophy. 
At about that time I was also working in the peripheral vascular clinic, and found 
that some of my patients were elderly men with claudication and cold feet, and 
that they also were impotent. Their impotence was of four, or five, or six years’ 
duration. Treatment of four of those patients, upon whom I could obtain reliable, 
constant-room-temperature studies, with oscillometric measurements, has brought about 
remarkable subjective and objective improvement. 

I think that in those particular cases the deficiency is perhaps primarily in the 
hormone which has some important primary effect upon the blood supply of muscle 
and skin. I am not so sure whether such may be the case in these other types 
of peripheral vasospasm under discussion today. I do not think any of these 
questions can be settled until we carry out more studies of the type that have 
been proposed today. 

Dr. Irving S. Wright, New York, N. Y— I should like to remind Dr. Herrmann 
that we are always interested in knowing what other treatment the individual is 
subjected to at the time that experimental therapeutics are being undertaken. 

One of the most difficult problems we have in the field of the peripheral circu- 
lation is the evaluation of any form of therapy. When individuals are put on a 
regime which includes abstinence from smoking, are given hot baths, and when their 
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whole environmental temperature is changed by wearing heavier clothes and warm 
socles, it sometimes greatly confuses the issue. 

Therefore, we always have to take these factors into consideration. I should 
like to hear from Dr. Herrmann how they were controlled in this series of cases. 

Discussion of tlie paper, “The TJse and Value of the Vasoscillator in Diseases of 

the Peripheral Arteries,’’ by Dr. C. E. Sanders, Kansas City, Kan. 

Dr. Samuel II. Scdwilz, Youngstown, Ohio. — AVc all know about the Buerger- 
Alien exercises in the treatment, of peripheral vascular diseases, and of various 
appliances made to help change the position of the leg and avoid muscular fatigue 
and tiring of the patient. 

Years ago I had a railroad worker who devised a scheme of placing his leg in 
a hammock, suspended on a pulley, with counterweight, and at the same time 
saved himself the trouble of actually lifting the leg. I believe Dr. de Takats 
started the combined use of elevation of the leg and intermittent venous occlusion. 
Many men in Europe employ the same methods. 

With respect to this oscillating bed, one has to employ it only a short while 
to appreciate the valuable contribution that Dr. Sanders has made in the therapy 
of the peripheral vascular diseases. In combination with intermittent venous occlu- 
sion, especially, one finds that it saves the trouble of shifting patients from their 
beds to receive the various other treatments, and when suction-pressure treatment 
is indicated, one can apply the boot when the bed is level and keep it level, espe- 
cially when the treatment is applied for only a few hours. 

Furthermore, in our clinic we have not only been using a heat cradle with 
thermostatic control (100° F.), but also, to conserve this heat, and prevent the 
loss which occurs when the bed pan is used or blankets lifted, we cover the in- 
volved extremities with a layer of paraffin which is wrapped up in an oilskin 
bandage. Since adopting this procedure we have noticed that the patients were 
relieved of their claudication and rest pain much more quickly. 

Furthermore, not only has this bed proved satisfactory in our hands for the 
treatment of peripheral vascular diseases, but we have used it in cases of osteo- 
porosis, nonunion of fractures, arthritis, and postoperative thrombophlebitis. 

One particularly outstanding case was that of a man who sustained twenty-two 
fractures in various parts of the body — ribs, clavicle, scapula, both arms, pelvis, 
both femurs — and had no union at the end of nine and onc-lmlf months; in fact, 
he was about to receive roentgenthcrapy for parathyroid disease. After seven 
weeks’ continuous treatment with this bed (he had not been able to move, and 
could hardly turn to bathe properly) he is back at his work as superintendent in 
a steel mill. He is walking perfectly except for a partial ankylosis of his ankle, 
which is aided by a brace. 

Furthermore, in cases of Buerger’s disease in which suction-pressure treatment 
provoked more vasospasm, we found that the oscillating bed would sometimes re- 
lieve the pain within forty-eight, hours, whereas formerly, when we used only inter- 
mittent venous occlusion, if the symptoms were mild and the patient stopped smok- 
ing entirely, we succeeded occasionally in relieving the pain within 4 to 7 days. 
Invariably, these patients feel better, sleep better, eat better, and will cooperate 
more. 

In the old arteriosclerotic cases, in which there are rest pain and claudication, 
the bed has proved very satisfactory, because the patient rests and the work of his 
heart, is reduced to a minimum. AVlien they are tired, or if the noise of the 
motor disturbs them somewhat, they touch the button and leave it off. They are 
easily fed and cared for generally. In cases of embolic occlusion, of which we 
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have had eight, the results have been satisfactory, -with loss of pain due to vaso- 
spasm, and no local morbidity except in one case. Of course, about 50 per cent 
of these patients would have recovered spontaneously, without any resulting gan- 
g ren e or permanent disability. When we would ordinarily give papaverine intra- 
venously every four to six hours for two or three days, for relief of pain, only 
one to three doses were required when the bed was used. The legs would get 
warm within six to twenty-four hours. In one instance the patient had emboli 
at both iliac bifurcations; both legs were involved, but he lost only one (left), 
below the knee. This is the only patient who did not respond. 

As was stated in a previous paper, sliifting a patient with thrombophlebitis 
was helpful. We use the bed and find it most beneficial. The edema disappears 
sooner, i.e., in a week or ten days. 

The chief advantage of the bed is that it enables us to improve the patient’s 
peripheral circulation without any effort on his part. 

Dr. Nelson Barker, Kochester, Minn. — At the Mayo Clinic we have been using 
oscillating beds in the treatment of occlusive peripheral arterial disease for three 
and a half years. Our experience with this type of treatment, based on results 
in eiglity-eiglit cases, can be summarized as follows: There seems to be little 
difference in its effect on the various types of peripheral arterial disease when 
there are essentially the same degree of arterial insufficiency and the same type of 
pain. We have observed little or no effect on intermittent claudication. The most 
striking effect has been the relief of pretropliic pain, of the pain of ischemic 
neuritis, and of the pain caused by ulceration and gangrene. This relief of pain 
is not necessarily maintained when treatment with the bed is stopped. Skin tem- 
perature tests have showed that treatment with the vasoseillator usually produces 
some vasodilatation, but that this is usually not complete. There is also some 
increase in oscillometric readings after a period of continuous treatment, although 
this is not striking. 

In summarizing the effects of treatment on seventy-two patients with rest or 
pretropliic pain, pain of ischemic neuritis, and pain caused by ulceration and 
gangrene, it was found that twenty-four, or 33.3 per cent, secured persistent, good 
results (relief of pain and healing of the gangrenous lesions). These patients 
were treated by means of the bed only. Persistent, good results also were obtained 
in eighteen other cases, although in these cases other types of treatment were 
given simultaneously and may have been responsible for the improvement. No 
persistent benefit was obtained in thirty, or 41.7 per cent, of the seventy-two cases, 
regardless of whether the bed was used alone or in conjunction with other types 
of treatment. It has been our experience that treatment with the bed has given 
better results than treatment with pressure and suction or with intermittent 
venous compression. The advantages of the bed appear to be that the treatment 
can be continued over long periods of time without interruption, and that it can 
be combined with various vasodilating procedures without the use of any con- 
striction or pressure to the legs and without effort on the part of the patient. 
We have found it necessary to vary the position of the bed and time of the cycle 
to adapt it to the individual patient. We have seen only one untoward result 
during treatment; the patient had a severe infection of the foot, associated with 
extensive gangrene, as the result of thromboangiitis obliterans. In this case, ascend- 
ing lymphangitis and lymphadenitis developed. There is some question whether 
the treatment with the bed was in any way responsible for this. 

In conclusion, I wish to say that, in my opinion, the oscillating bed is a definite 
contribution to the treatment of peripheral vascular disease. I do not believe 
that this treatment should supplant other methods of therapy, but, in many cases, 
particularly in the presence of severe pain which is difficult to control, it is a 
valuable addition to other types of therapy. 
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Discussion of the papers, “A Review of Success and Failure in the Treatment 
of Vasospasm hy Sympathectomy,” hy Dr. Alfred \V. Adson and Dr. Bayard T. 
Horton, Rochester, Minn., and “Immediate Effects and Late Results of Sym- 
pathetic Denervation of the Upper Extremity hy Fre-Ganglionic Section,” hy 
Dr. Reginald H. Smithwick, Boston, Mass. 

Dr. Ashley Ought erson, New Haven, Conn. — It is very stimulating to hear re- 
ports from these two clinics, the Massachusetts General Hospital and the Mayo 
Clinic, in which so much has been done to forward the study of vascular disease. 

The experience of Dr. Adson, Dr. Smithwick, and others demonstrates that 
sympathetic denervation is effective when indicated. 

I am afraid that anything I might add to the discussion of the operation on 
the upper extremity would add more confusion. We tried at first to make the 
operation as complete as possible, but some of the patients whose upper extremities 
had been operated on had a return of symptoms. After learning of the work 
of Dr. White and Dr. Smithwick, of the Boston group, we tried their operation, 
but we have not been able to make it uniformly successful, although it is better 
than the old procedure. This may have been due to differences in technique. 

The syndrome of Raynaud ’s disease varies greatly ; in some of the cases there 
is a pronounced emotional factor, whereas in others the symptoms are brought 
on by cold. Both factors may be present. It is our impression that in cases in 
which the emotional clement is prominent we have had much more difficulty in 
getting a satisfactory result. We have seen that vasospasm may have a number of 
causes. It may be affected by a humoral mechanism or by the sympathetic nerves. 
As I have mentioned, there is evidence that Raynaud ’s syndrome frequently in- 
volves both. I think that in the future the work will probably evolve in such a 
manner as to indicate which of the operations may be eventually most effective. 

I should prefer to say a few words about the general aspects of sympathectomy. 
As Dr. Adson has pointed out, it has now been in use more than fifteen years. 
When the operation was first introduced there were great hopes that it would 
he effective in relieving many symptoms of vascular disease. Those hopes, to 
some extent, have been fulfilled. 

Sympathectomy is an operation of election, and, as is common with all operations 
of election, it should involve no risk to the patient and should leave the patient 
with no undesirable sequelae. The retroperitoneal approach for lumbar sympa- 
thectomy has made this operation relatively simple, and has eliminated the risk 
of the transporitoncal abdominal operation. Sympathetic denervation of the upper 
extremity was formerly followed by Horner’s syndrome. As Dr. Adson pointed 
out, that is not necessary, even though we carry out an extensive operation in 
contradistinction to the one which seems indicated by the work of White and 
Smithwick. Thus, in the upper extremity, likewise, there are few undesirable 
sequelae. 

The simplicity of the operation on the lower extremity, as contrasted with the 
upper, is considerable. This has encouraged us to use the operation more often 
on the lower extremities than we did formerly, that is, in more and more cases in 
uhich there was organic vascular occlusion, but in which a definite vasospastic 
element could also be demonstrated. Even though the blood flow may not be 
gieatly increased, sympathectomy has the advantage that the effect is constant, 
b) mpathectomy is also a most effective means of increasing the blood flow in a 
paralyzed limb. This has been sometimes overlooked, because we find orthopedic 
surgeons still trying to shorten the normal limb in cases of poliomyelitis. Children 
uho have cold, sweaty extremities in which the circulation has not developed be- 
cause of lack of muscular development may have their extremities lengthened if 
tie operation is done before the epiphyses have united. 
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Histologic study has not demonstrated that the sympathetic nerves or ganglia 
are involved in any vasospastic phenomenon. Sympathectomy is therefore not°di- 
rected at the etiology of the disease, and it is to be hoped that future investigation 
may provide a more rational treatment of such conditions as Raynaud’s syndrome. 
However, it is well demonstrated, in the meantime, that sympathetic denervation 
has established itself as an effective therapeutic procedure over the period of 
fifteen years during which it has been used and has fulfilled the criteria of an 
elective operation. 

Hr. Norman E. Freeman, Philadelphia, Pa.— Failures in the attempt to relieve 
vasospasm by sympathectomy have been associated with two processes which consti- 
tute real, major problems. One is that of sensitization by denervation. By this 
we mean that smooth muscle which has been robbed of its natural innervation be- 
comes more sensitive to circulating hormones. Sensitization is much more effective 
after the postganglionic section which Dr. Adson and Dr. Smitliwick have described. 

The operations suggested by Dr. Smitliwick and Dr. White, and described by 
Dr. Adson, have done much to avoid postganglionic denervation. 

We are now confronted with the second major obstacle to successful surgical 
treatment, and that is regeneration. Whether it is regeneration, or whether it 
is the taking over of function by pathways which were already present, though 
dormant, may be a question in certain cases. Probably the latter will occur after 
incomplete operation, with recurrence of symptoms shortly after sympathectomy. 
The former is indicated by recurrence some months after the operation. Just 
how regeneration occurs is difficult to say. Preganglionic fibers will grow through 
muscle. They will grow through long stretches of tissue. If the ganglia are re- 
moved, it is difficult to see how the preganglionic fibers can come into contact 
with the heart muscle except through the agency of postganglionic neurons. Yet 
all of the postganglionic neurons have been removed by resection of the para- 
vertebral ganglia. In spite of all this, inside of three or four months we have 
definite evidence of the resumption of control, sympathetic control, over the heart, 
in the experimental animal. 

I think the problem of regeneration of sympathetic fibers is a major one, and 
not until we understand this fully can successful surgical treatment be assured. 

Hr. Adson (closing). — I never take part in a controversial subject without be- 
ing reminded of that play known as Abie’s Irish Rose. After the couple was 
married, the priest and the rabbi concluded that there really was no material 
difference in their religion, since their respective groups expected to reach Heaven, 
although by different routes. 

Discussions of this sort are extremely valuable, since they emphasize various 
phases of the subject. Although my views concerning the operative technique of 
sympathectomy for Raynaud’s disease differ from those of Dr. Smitliwick, I do 
want to emphasize the fact that such opinions are the result of observations, not 
of any personal animosity. 

In the first place, we all agree that extensive lumbar ganglionectomy, whether 
done by the Royal, Pearl, Diaz, or the transperitoneal technique, results in dila- 
tation of the peripheral vessels of the lower extremities. Though some hold that 
the vasodilating effect is caused by a preganglionic section of the sympathetic nencs, 

I am still of the opinion that the result is due to a thorough section of vasomotor 
fibers, whether the section is preganglionic or postganglionic. Removal of the 
fourth lumbar sympathetic ganglion, together with the first and second lumbar 
ganglia and the intervening trunk, is a combination of preganglionic and post- 
ganglionic section of the vasomotor fibers supplying the peripheral blood vessels 
of the lower extremities. Diaz’s results were equally as good as those no ha\e 
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obtained by resection of the second, third, and fourth lumbar ganglia and inter- 
vening trunk, although his procedure included the first and second sacral sympa- 
thetic ganglia, as well as the lumbar ganglia that we included. His procedure 
would naturally have to be considered as postganglionic section of the sympathetic 
fibers. 

In reviewing the results we obtained by employing the Smitliwick technique in 
the treatment of Raynaud’s disease of the hands, we observed that changes in 
color would take place on exposing the hands to low temperatures. This, we think, 
was the result of leaving the vasomotor fibers intact, the explanation of which we 
believe is the fact that certain vasomotor fibers pass from the first thoracic nerve 
through the stellate ganglion to the brachial plexus. IVe further question the con- 
ception that the effectiveness of trunk resection of the third thoracic ganglion and 
division of the rami of the first and second thoracic nerve is greater than that 
of thorough resection of the lower cervical and first thoracic sympathetic ganglia, 
with removal of the sympathetic trunk in connection with ramisectomy of the 
eighth cervical and first thoracic nerves, a procedure which interrupts all sympa- 
thetic fibers that may enter the brachial plexus from lower thoracic ganglia. Many 
of our patients have had no recurrent symptoms during intervals of ten years. 
The work of Allen, Fathering, and Adson on sensitivity to epinephrine showed that 
although there was an increase in sensitivity to this drug following sympathectomy, 
there was no material difference in the reaction depending on whether the patient 
had been operated on by the Smitliwick or Adson technique. 

There is a possibility, as Freeman has stated, that regeneration may take place. 
However, the results of my study of experimental nerve regeneration indicated 
that if a gap of 2 cm. were permitted to exist between the severed ends of nerve 
fibers regeneration would rarely take place. This suggests that recurrences are more 
likely referable to the action of vasomotor fibers that have been overlooked at the 
time of operation. These fibers may have been injured sufficiently during the 
operation to account for their temporary dysfunction, but, as function became 
re-established, recurrent symptoms appeared. 

Diseases resulting from spasm of the peripheral arteries of the fingers and hand 
occur sufficiently often to warrant further investigation, and it is my hope that 
some simple procedure may be developed to relieve the symptoms of this spasm. 
You may all be assured that I will employ the procedure if it is effective, regard- 
less of who devised it. 
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Thiele, G.: The Reactivity of Blood Pressure to Adrenaline in the Pirst Years 
of Life, Ztsclir. f. Kreislaufforscli. 31: 137, 1939. 

This study w T as carried out on thirty-live young dogs. The blood pressure rise 
with maximum doses of adrenalin is slight at birth, and increases rapidly to reach 
adult magnitude at four months. 

Katz. 

Osterwald, H.: The Action of Strophanthin in Experimental Coronary In- 
sufficiency. Ztsclir. f. Kreislaufforscli. 31: 225, 1939. 

Eleven anesthetized dogs were used, and the flow in the left descending 
coronary artery was determined as well as that of the left pulmonary artery 
of left pulmonary vein by means of Rein stromulirs, together with arterial and 
venous blood pressure. 

He found that the coronary insufficiency produced by pituitrin, chloroform, or 
by ligation of the left descending coronary artery was improved by strophanthin, 
in that pulmonary flow and coronary flow increased. 

Katz. 

Monks, L.: Experimental Studies of Tonogenic Cardiac Dilatation Following In- 
creased Venous Return. Ztsclir. f. Kreislaufforscli. 31: 191, 1939. 

Ten surviving rabbits ’ hearts were used, and it was found that infusion of 
saline into superior vena cava caused dilations of right auricle, elongation of 
right ventricle and rotation of heart on its long axis toward the left. Infusion 
into the pulmonary vein had its primary effect on the left auricle and ventricle 
with rotation to the right. 

'When a patent foramen ovale was present, both chambers were found to share 
the dilatation regardless of where the infusion was made. 

These volume changes were reversible. 

Katz. 

Gilligan, D. Rourke, Altschule, Mark D., and Linenthal, Arthur J.: Effects on the 
Cardiovascular System of Man of Fluids Administered Intravenously. Arch. 
Int. Med. 61: 505, 1939. 

The effect of the intravenous administration of 1,000 to 1,500 c.c. of physiologic 
solution of sodium chloride on the glomerular filtration rate, as measured rela- 
tively by the urea clearance, of adults with normal renal and cardiovascular func 
tions, has been studied. The fluids were injected at rates sufficiently rapid to 
cause increases in blood volume and cardiac output, decreases in plasma protein 
concentration, transitory increases in venous pressure and evidences of peripheral 
vasodilatation. 
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The glomerular filtration rate was not changed hy the injections of fluid, even 
in those cases in which great changes in the systemic circulation were shown. 

The absence of increase in glomerular filtration in the presence of hyper- 
volemia, increased cardiac output, and lowered protein osmotic pressure, as induced 
in our studies, appears to result from specific adjustments in the renal vascular 
dynamics. No information is available from our studies as to the nature of such 
renal adjustments. 

These results, together with those obtained by other investigators in certain 
clinical conditions and after the administration of certain drugs, demonstrate that 
the rate of glomerular filtration may not be affected in the presence of large 
changes in the systemic circulation. 

Authors. 

Ogden, Eric, and Shock, N. W.: Voluntary Hypercirculation. Am. ,T. M. Sc. 

198: 329, 1939. 

Two subjects are discussed; both of them are able voluntarily to accelerate 
tlieir pulse rates at the word of command. This acceleration is accompanied by 
increased systolic and diastolic blood pressures, increased rate of respiration, 
ventilation volume, oxygen intake, and carbon dioxide output. The onset and 
disappearance are abrupt. 

The quantitative consideration of the magnitude and time relations of these 
functions indicates that there is a true hyperventilation with excess elimination 
of carbon dioxide, a true increase in metabolism with excess oxygen utilization, 
and a hypercirculation, or circulation in excess of the metabolic requirement. 
Epinephrine might bo responsible for the cardiac acceleration and the increased 
blood pressure, and, by discharge of blood reservoirs, for the increased circulation. 
But it is believed that the phenomenon appears and disappears so rapidly that 
epinephrine cannot be solely held to account. In the nine reports cited, covering 
some fifteen other cases of voluntary acceleration of the heart, there is no instance 
in which the acceleration was not accompanied by one or more of the other phenomena 
described. 

Authors. 

Schleicher, I.: Acute Cardiac Damage in Healthy Individuals Following Athletics. 

Ztsclir. f. KreislaufTorsch. 31: 105, 1939. 

Athletics can lead to cardiac damage in healthy subjects by causing trauma 
and commotio cordis, if excessive bodily exertion of long duration or of short, in- 
tense nature is carried out. 

Following such heart damage death may occur, or myocardial infarction, chronic 
heart weakness, traumatic valvular defects, arrhythmias, and tachycardias may 
ensue. It would appear that infection, including focal infection and the so-called 
vagotonic disposition, may be considered a predisposing cause for the hazards. 

Illustrative case reports are given, one of nonpenetrating chest wounds, six of 
long duration exertion, and two of severe exertion. 

Katz. 

Schlomka, G., and Witsch, F.: The Evaluation of the Relative Duration of 

Systole. IV. In Obese People. Ztsclir. f. KreislaufTorsch. 31: 142, 1939. 

Hie electrical systole is on the average relatively longer in obese than normals 
of the same age group. This is based on measurements on 200 obese people. 

Ms increase in systole seems related to the degree of left axis shift. 


Katz. 
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Roemheld, L.: Alterations of Cardiac Minute Volume by Diet. Ztschr f 
Kreislaufforsch. 31: 73, 1939. 

The author studied twenty patients and used Grollman’s method for cardiac 
output. Normal persons and mild cardiacs showed an increase- in cardiac minute 
output when the diet is increased by adding 1 to 1% liters of water or 6 to 10 
grams sodium chloride daily to the regular diet. When the diet consists only of 
fruit or of salt-poor dry food, the minute volume output is decreased. Severe 
cardiacs, however, reacted in the exact reverse manner. 

Katz. 


Evans, Courtenay: Changes in the Chest Lead Electrocardiogram in Coronary 
Thrombosis. Brit. Heart J. 1: 161, 1939. 


In the T, type of electrocardiogram after coronary thrombosis, the changes in 
Lead IV occur in the following sequence. The initial wave R disappears immedi- 
ately in half the cases, and elevation of the R-T segment, 3 mm. above the iso- 
electric level, occurs at the same time in three-quarters of the cases. The T wave 
becomes inverted on the third or fourth day, synchronous with or slightly earlier 
than inversion of T„ and sometimes many days earlier. At the same time, the 
R-T elevation diminishes, and, in half the cases, changes any time after the fourth 
day into a humped upward convexity with broad slurring of the curved portion. 
Return of RS-T to normal, with disappearance of the humping, occurs after 
several weeks. T-wave inversion disappears in half the cases between the third 
and sixth month, but in half the cases it persists. The initial wave R, -when once 
absent, usually tends to remain absent; the initial complex in these cases some- 
times becomes diphasic (QR). 

In the T 3 type of electrocardiogram, RS-T is depressed 3 mm. below the iso- 
electric level, returning to normal within a few days in two-tliirds of the cases. 
The initial R wave is present, the S -wave is often small, and sometimes a W- 
shaped complex is seen. Later, humping of the S-T segment with a downward 
convexit}^ occurs in a few cases, but is not common. The T wave is upright and 
tends to increase in amplitude; it may attain 13 to 19 mm. in the second or third 
■week. As a rule the changes in Lead IV, after the initial RS-T depression lias 
passed, are slight and not very helpful in diagnosis. 


Post-mortem evidence suggests that T, and T, inversion, and absent B, with 
elevation of RS-T in Leads I, II, and IV, indicate an anterior infarction, and 
that T„ and T 3 inversion with depression of R-T, indicates a posterior infarct. 
Where absence of R 4 and T, inversion is associated with inversion of L and T 3 , 
the evidence points to infarction of both anterior and posterior ventricular walls. 
The third type of occlusion, involving the left circumflex artery and causing 
left lateral infarction, sho-ws RS-T depression in Leads I, II, an ^ ^ j ^ 
version of T in Leads I, II, and IV. These changes are often of a transitory 
nature and may be associated 'with auricular fibrillation. 

Author- 


Eliaser, Maurice, Jr., and Konigsberg, Jerome: Electrocardiographic rinding 

Cases of Ventricular Aneurysm. Arch. Int. Med. 64: 493, 1939. 

• • 97 3 npr cent of cases 

There is an electrocardiographic syndrome, occurring in I ^ ^ ^vliich 

rnipnrxrcm r>-f +ii o mTf vpnfnp.lp. tVillowinv occlusion of the coronan - 

It, consists of a downward 
e and an upright 


of aneurysm of the left ventricle following occlusion 
may be considered to be a presumptive sign of this lesion 
directed major deflection in Lead I, with inversion of the T wai 
*P wnvp Ttip TTPntripnlur pmrmlp'Y in Lead III IS upiight. 
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Another typo, occurring in .'!(>. -1 per oont of rasps, presents ventricular complexes 
directed downward in Loads 11 and 111 with an upright major deflection in Loud I 
that may or may not bo of low amplitude. 

In 18.2 por oont of oasos of ennline aneurysm, the electrocardiogram shows left 
bundle branch block, and there wore a like number of various other equivocal records, 
which, although consistent with disease of the coronary artery, were not of diagnostic 
significance. 

Roentgen examination, especially rnentgenkymogrnphy, would seem to lie the most 
reliable means of corroboration of the diagnosis of ventricular aneurysm and should 
he performed when one or the other of the two types of cardiogram observed in 
(it!. 7 per cent of all eases is obtained. 

No correlation between the location of the aneurysm and the specific type of 
electrocardiogram obtained lias been established. 

The use of the Einthoven equilateral triangle is a convenient means of visualizing 
deviation of the axis. However, other more recent theories must be considered in 
order to explain the two divergent types of cardiogram obtained with pathologically 
identical lesions. 

ArritouK. 

Radvdnyi, G6za: Electrocardiographic Prognosis. Ztschr. f. Kreilnufforsch. 31: 

S3, 1030. 

The author analyzed a followup study on forty-nine eases with intraventricular 
block or inverted T, or T, . and found that the outlook is not as serious as formerly 
thought. It is not the electrocardiogram but the underlying disease that determines 
the prognosis. 

Katz. 


Graf, L.: Tlic Electrocardiogram in Single and Double Ovum Twins. Ztschr. f. 

KrcishiufTorseh. 31: 337, 1030. 

There is a much greater similarity in electrocardiograms in single ovum twins 
than in double ovum twins. Cases of mirror image QRS complexes are described 
in the former type of twins. The study is based on twenty-four of the first, and 
fourteen of the second type of twins. 

Katz. 


Schlomka, G„ and Cramer, H.: Sinus Arrhythmia in Presence of Extrasystolcs. 
Ztschr. f. KrcislnufTorseli. 31: 2-10, 103!). 


It was found that in the presence of extrasystolcs, sinus arrhythmia was 
more noticeable than in tlieir absence. 


Katz. 


Marx, L.: The Q-T Interval Following Extrasy:tolcs. Ztschr. f. Kreislaufiforseh. 

31: -12, 1039. 

the author analyzed fifty instances of postextrasvstolie beats and found that 
the Q-T interval was shorter titan anticipated from Eriderieia ’s formula relating 
electrical systole to cycle length, and this relative shortening was greater, the 
greater the compensatory pause. The author interprets this to indicate that large 
stroke volumes are the cause of this abbreviation of systoles. 


Katz. 
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ScMomka, G., and Dressen, M.: Physiological Irregularities of the Heart Beat. 

XI. Respiratory Variations of Q 3 . Ztschr. f. Kreislaufforsch. 31: 46, 1939. 

Respiratory variations in Q 3 occur in normal subjects as veil as in cardiacs. 
Usually this consists of an inspiratory decrease, occasionally an inspiratory in- 
crease in the size of the wave. The decrease in Q, with inspiration seems most 
marked in those cases with the most marked sinus arrhythmia. 

Katz. 

Spang, K., and Korth, C.: The Electrocardiogram in Hyperthyroidism. Arch. 

f. Kreislaufforsch. 4: 1S9, 1939. 

This is a monograph of about 130 pages in which the literature has been 
thoroughly studied. The author discusses arrhythmias, contour, and the effect 
of medication. This study includes two hundred cases of tlveir own. While all 
sorts of changes are seen, the authors emphasize the development of a depressed 
S-T and an inversion of the T wave as evidence of acute increase in the 
thyrotoxic state. They also point out frequency of tall P. and consider this 
evidence of stasis in the lesser circuit since as condition improves, P gets smaller 
and the curve shows a shift to the left. 

Digitalis has little effect on heart rate in thyrotoxicosis, but an exaggerated 
ability to produce the digitalis T wave. This is considered of value diagnostically. 
Other details must be sought for in the original article. 

Katz. 

Manning, G. W., McEarchem, C. G., and Hall, G. E.: Reflex Coronary Artery 

Spasm Following Sudden Occlusion of Other Coronary Branches. Arch. Int. 

Med. 64: 661, 1939. 

The mortality following sudden occlusion of the anterior descending branch 
of the left coronary artery in the anesthetized dog is less than 10 per cent. For 
the conscious dog the mortality is about 40 per cent. 

For sudden occlusion of the left circumflex branch, the mortality is about 25 
per cent with anesthesia and about 75 per cent without. 

The great increase in mortality for the conscious animal may be the result of 
a reflex spasm of collateral arterioles and small arteries producing additional 
areas of ischemia. 

All the animals that died suddenly after ligation in the conscious state showed 
evidence of ventricular extrasystoles, tachycardia, and fibrillation in that 
sequence. 

, Authors. 

Master, A. M., Dack, Simon, and Jaffe, H. L.: Age, Sex, and Hypertension in 

Myocardial Infarction Due to Coronary Occlusion. Arch. Int. Med. 64: 767, 

1939. 

The influence of age, sex, and hypertension on the incidence, clinical course, 
and prognosis of coronary occlusion has been analyzed in 500 consecutive cases. 

Approximately two-thirds of the attacks occurred between the ages of 45 and 
65, and almost one-third before 50 years. The peak occurred in the sixth decade. 

The number of initial attacks rose progressively until the age of 45 years; then 
a level was maintained until the age of 64, after which there was a rapid de- 
crease. However, when the number of attacks was correlated with the census 
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of the general population in each age group, there was a progressive rise in the 
incidence of attacks with advancing age to 74 years. 

Particular attention was paid to a group of 39 patients aged 27 to 39 years. 
The susceptibility of these young persons to eoronarj' sclerosis and occlusion 
could not be attributed to rheumatic fever, syphilis, diabetes, hypertension, or a 
familial or hereditary trait. 

The mortality rate varied with age, increasing gradually until the age of 59 
and rising sharply in the older age groups. Coronary occlusion is rarely fatal 
before the age of 40, since the occlusive process is often localized to one artery 
and the myocardium is not diffusely damaged. 

The frequency of multiple attacks was the same in all age groups. Young and 
old persons are equally susceptible to subsequent attacks of coronary occlusion 
after an initial attack. 

The commonest cause of death before the age of 50 was arterial embolism; 
after 50, it was cardiac failure. 

The ratio of men to women was only 3.4:3. The average age of the women was 
higher than that of the men, and the incidence in women below the age of 40 was 
relatively small. 

Diabetes was frequent in women over 50 but uncommon in men below 70. In 
women the incidence rose sharply with increasing ago. 

Cardiac enlargement and heart failure increased with age, being uncommon 
in the j'oung. They were more common in women than in men. Pulmonary 
edema with little or no pain not infrequently initiated an attack, particularly in 
women. 

Hypertension occurred in more than half the men and in four-fifths of the 
women. The incidence rose with age from 3G per cent in the fourth decade to 
74 per cent in the seventh decade. There was no effect on the mortality rate. 

Hypertension is an etiological factor in coronary occlusion, for its incidence in 
this series was definite^ greater than that calculated for the general population. 
Furthermore, the ratio of attacks per unit of the hypertensive male population 
was five to eight times as great as that for patients with normal blood pressure, 
although both ratios increased with age in the same proportion. Hypertension 
accelerates the aging process. 

Authors. 


Maitra, J. M.: Coronary Occlusion. Medical Bureau 3: 185, 1938. 

Notes from numerous cases of coronar}’ thrombosis in native Indians are given, 
describing symptom of the sudden death, together with physical signs and electro- 
cardiographic findings. 

The author has found that in cases with chronic coronary occlusion with standard 
characteristics in electrocardiogram, the symptoms of external pain and discomfort 
may disappear completely after the use of hydrocyanic acid. He believes that fresh 
blood vessels develop throughout the myocardium and eventually form anastomoses. 
Several cases showing favorable results are recorded. There is a discussion of the 
anatomical explanation of symptoms and signs of coronary insufficiency. 

McCulloch. 

MUller, Carl: Angina Pectoris in Hereditary Xanthomatosis. Arch. Int. Med. 

64: 675, 1939. 

Hereditarj r heart disease due to xanthomatosis is fairly common. It is believed 
to have been demonstrated as a dominant factor in seventeen families. Xantho- 
matosis gives rise to a special form of arteriosclerosis which is etiologically and, 
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consequently, clinically different from ordinary arteriosclerosis. It is possible that 
it may be different anatomically, too. Xanthomatous deposits may cause valvular 
lesions, but far more commonly the changes are in the coronary arteries, with angina 
pectoris. This may occur in young but more frequently in middle-aged and old per- 
sons. Symptomatically this form of angina pectoris does not differ from the usual 
form. In addition to chronic and long-continued heart disease, the condition may 
cause sudden death. Infarction of the myocardium is also a frequent result. Hyper- 
cholesteremia is present, most marked in connection with xanthoma tuberosum, but 
there is no definite relation between hypercholesteremia and xanthomatous de- 
posits in the skin. Xanthomatous cardiac lesions probably may develop in persons 
who have no evidence of xanthomatosis in the skin. Xanthoma tuberosum and 
xanthelasma may be overlooked in clinical examinations and may be confused with 
other cutaneous conditions also. The occurrence of heart disease in families should 
direct the attention to xanthomatosis, especially when rheumatic fever, syphilis, 
or hypertension does not appear to play any role. In the cases here reported, hyper- 
tension was infrequent. Finally, it seems possible that causal and prophylactic 
treatment may prove to be of value. 

Authok. 

Middleton, William S., and Burke, Mead: Streptococcus Viridans Endocarditis 

Lenta. A Clinico-Pathologic Analysis of the Experience in the Wisconsin 

General Hospital. Am. J. M. Sc. 198: 301, 1939. 

Certain details in this clinico-pathologic analysis of eighty-eight cases of S. 
viridans endocarditis lenta justify especial emphasis: 

Further evidence is adduced to support the thesis of a close relationship between 
congenital and rheumatic lesions of the heart and endocarditis lenta. 

Acute upper respiratory .infections, rheumatic fever, infected abortion, dental ex- 
traction, and massage for nonspecific prostatitis apparently served as precipitating 
factors in the development of certain cases of this condition. . 

Contrary to the accepted opinion, congestive heart failure may attend or mask this 
condition. 

The clinical manifestations and course of this affection are notoriously varied 
and inconstant. After the cardiac changes incident thereto, particular attention has 
been directed to its toxic and its embolic features. Splenic and renal changes, in- 
cluding embolism, were very frequent. Mycotic aneurysms offered serious diagnostic 
problems. Cerebral accidents were not infrequent. Occasionally a mycotic aneurysm 
of a cerebral vessel may explain certain neurologic phenomena of this condition. 
Again the clinical picture may suggest thyrotoxicosis, and the unexplained elevation 
of the basal metabolic rate may add to the diagnostic confusion. 

This study offers material support to the importance of the diagnostic triad, i.e., 
petechiae, splenomegaly, and positive blood culture for the S. viridans. Given the 
background of a congenital or a rheumatic heart lesion and a remittent fever, this 
triad offers the logical direction of attack. 

The prognosis of S. viridans endocarditis lenta is very grave. Only inferential 
evidence of the pace of the decline is offered by the circulatory, renal, embolic, 
toxic, constitutional, and hematologic reactions. Although remissions of varying 
durations and degrees are the rule, certain of these patients undergo a rapidly pro- 
gressive decline. Attention has been directed to the ominous significance of the 
euphoria that attends late remissions. 

This group included one instance of healed endocarditis lenta. i he clinical 
activity apparently occurred at a period removed from the hospitalization. All 
therapy in the remaining number (87) was unavailing. 


Authors. 
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Crynes, S. F., and Hunter, Warren C.: Traumatic Rupture of the Pericardium. 

Arch. Int. Med. 64: 739, 1939. 

Traumatic rupture of the pericardium is not, as the literature indicates, a rare 
occurrence. It is no doubt encountered as frequently in every series of autopsies 
on persons dying as a result of trauma as it has been in this series. 

Commonly, pericardial rupture is merely one of many injuries and in most 
instances contributes little or nothing to the cause of death. One may rightly 
anticipate therefore that few examples of long survival will ever be recorded. 

The pertinent data in 22 cases found among 4,107 consecutive and unselected 
cases studied at autopsy have been tabulated and evaluated. Among these, 1 case 
stands out conspicuously, not only in this group, but among all others on record, 
because of the fact that the child survived for two and one-half years, and, further, 
because of the singular mechanism responsible for the sudden death. This case is 
described in detail. 

The views of others and the authors as to the mechanical principles involved in the 
production of pericardial rupture are given. 

Authors. 

Harris, Jerome S., and Farber, Sidney: Transposition of the Great Cardiac 

Vessels, With Special Reference to the Phylogenetic Theory of Spitzer. Arch. 

Path. 28: 427, 1939. 

In a review of the hypotheses concerning the pathogenesis of transposition 
of the great cardiac vessels, particular attention has been paid to the theories 
of Rokitansky and of Spitzer, since they represent the ontogenetic and phylo- 
genetic aspects of this malformation. An attempt has been made to present in 
detail the essence of the theory of Spitzer as gathered from a study of all pertinent 
literature. Nineteen examples of transposition from the Infants’ Hospital and the 
Children’s Hospital collection have been analyzed in illustration of that theory. 
This series included examples of overriding aorta, complete transposition of the 
tricuspid valve, bulboventrieular inversion, atresia of the tricuspid orifice, and cor 
biatriatum pscudotriloculare with mitral atresia. One case showed a very rare 
primitive arrangement of the chambers of the heart, while another showed the 
combination of fetal endocarditis and aortic transposition. Incidental malforma- 
tions of the heart included various deformities of the interatrial and interventricular 
septums, valvular abnormalities, aortic coarctation, and a complete vascular circle 
around the trachea and esophagus. 

In each case, particular attention was paid to the course of the main coronary 
arteries. Inversions, corrected transposition, and the relation of mitral atresia to 
transposition were briefly examined. 

It may be concluded that the theory of Spitzer marks an important advance in the 
understanding of cardiac development and certain cardiac malformations. Although 
many data, accumulated from embryology, phylogeny, and teratology, tend to sup- 
port the theory, further proof will be necessary before it can be accepted com- 
pletely. 

Authors. 

Robinson, Samuel C., and Brucer, Marshall: Range of Normal Blood Pressure: 

A Statistical and Clinical Study of 11,383 Persons. Arch. Int. Med. 64: 409 

1939. ’ 

A new and more rational range of normal blood pressure is postulated as 
the result of (1) a statistical study of 10,883 persons, (2) a study of five to ten 
year continuous records of 500 persons, and (3) an appraisal of mortality at 
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various pressure levels. Tlie normal range of systolic blood pressure for men and 
women is from 90 to 120 mm. of mercury. The normal range of diastolic blood 
pressure for men and women is from 60 to SO mm. of mercury. A normal person 
attains his mature blood pressure at about adolescence and keeps that range 
throughout life, except for a slight rise at about the twentieth year. Normal 
blood pressure does not rise with age. Prehypertensive and hypertensive pres- 
sures do rise with age. 

"Hypotension” is neither a disease nor a disease entity; it is an ideal blood 
pressure level. In the absence of other findings this is true of pressures that 
occasionally dip to the level of 80 systolic and 50 diastolic. The commonly 
described symptoms of the disease called "hypotension” can be ascribed with 
equal statistical accuracy to any level of blood pressure. 

Blood pressure should be considered a physiologic measurement in continual 
diurnal flux, highest during the afternoon, lowest during the early morning hours. 
The daily and yearly variation of normal blood pressure is from 5 to 10 mm. of 
mercury. Higher levels of blood pressure show proportionately greater and 
more erratic yearly variations. Lower levels of blood pressure show smaller and 
less erratic yearly variations. A blood pressure history is more nearly normal as 
it shows occasional pressures below 110 systolic and 70 diastolic. A person who has 
a history of pressures which occasionally dip to the 90 systolic and CO diastolic 
level, or even to the upper part of the 80 to 90 systolic and 50 to 60 diastolic 
range, has an added assurance of not becoming hypertensive. 

A blood pressure history of over 120 systolic and 80 diastolic over a ten year span 
in a man or woman is pathologic, and is an almost infallible sign of incipient 
hypertension. Once a pressure is definitely established in this range it seldom if 
ever will become normal. Transient elevations of blood pressure should not be 
ignored. They should be suspected of a further, more frequent, and possible 
permanent rise. Moderately high blood pressures are incipiently hypertensive. 
Persons with hypertensive heart disease are recruited from persons with incipiently 
hypertensive blood pressure levels. High blood pressures tend to become even higher, 
the higher pressures invariably resulting in hyperpiesia. High blood pressure is a 
long-term disease having its genesis at an early age. It is not a disease that sud- 
denly emerges with middle age. Slightly more than 40 per cent of the adult popula- 
tion is either actually or incipiently hypertensive. 

A study of any normal physiologic measurement must check with mortality data. 
One of the criteria for the selection of a normal range is that it be compatible 
with the lowest possible mortality and the longest life span. The mortality rate in- 
creases progressively with an increase in systolic or diastolic blood pressure. Per- 
sons with low blood pressures have the lowest mortality rate. Those with blood 
pressures persistently over 120 mm. of mercury systolic and 80 mm. diastolic have a 
higher mortality rate than those with blood pressures persistently under 120 mm. 
systolic and SO mm. diastolic. 

Authors. 

Rasmussen, Hakon, and Thingstad, Rolv: Cardiovascular Changes in Essential 

Hypertension With Special Reference to the Electrocardiogram in Hyperten- 
sion. Acta med. Scandinav. 101: 237, 1939. 

A group of 100 patients with essential hypertension has been examined with 
regard to cardiovascular changes (cardiac function, size of heart, electro- 
cardiogram, breadth of aorta, calcareous deposits in aorta and in the tibinl 
arteries), and the findings harm been more closely analyzed. 
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Only' S per cent, of the patients were without any pathologic findings (of vary- 
ing import) in the cardiovascular system. 

The height of the blood pressure was found independent of the degree of 
cardiac enlargement and electrocardiographic changes. 

A study of the relationship between electrocardiogram and heart size brought 
forward some important points with a bearing on the pathogenesis of the electro- 
cardiogram in hypertension and on the pathogenesis of the so-called "bundle 
branch electrocardiogram of commoner form," and the following conclusions were 
drawn : 

Electrocardiograms of hypertensive patients are without any constraint grouped 
into four distinct, types, characterized by varying alterations in the QRS deflec- 
tion, S-T segment and T wave. The types seem to represent different stages of 
one and the same evolution. A closer examination of the relation between these 
four electrocardiographic types and the cardiac enlargement revealed a strong 
correlation between these types and the size of the heart. Thus the Types 1 and 
2 with comparative!}' small changes in the electrocardiogram corresponded to 
slight and moderate enlargement of the hearts, while the patients with gross 
changes in electrocardiogram, Type 3 (‘‘left ventricular preponderance curve") 
and Type 4 ("bundle branch block electrocardiogram of commoner form"), had the 
larger hearts. 

The authors feel, therefore, that the electrocardiographic changes, above described 
as characteristic of the electrocardiogram of hypertension, arc due to varying de- 
grees of left ventricular enlargement, (dilatation and/or hypertrophy), and not 
due to disease of the coronary arteries. 

The bundle branch block electrocardiogram of commoner type (our Type 4) was 
observed in 7 of our 100 hypertensive patients. An analysis of the 7 cases together 
with another group of 21 cases with this electrocardiographic picture revealed that 
all 2S cases with "bundle branch block electrocardiogram of commoner form” were 
characterized by gross left ventricular enlargement. The chief cause of "bundle 
branch block electrocardiogram of commoner form" (classical terminology': right 
bundle branch block) is supposed to be severe left ventricular enlargement. 

Authors. 

Thomas, Henry M., Jr.: Transient Paralysis Prom Postural Hypotension. Bull. 

Johns Hopkins Ifosp. 65: 320, 1930. 

A case of recurring transient paralysis of the right arm and leg is reported. 
The attacks occurred when the patient was upright, and frequently' soon after 
arising from a sitting or ly'ing position. He was found to suffer from a moderate 
form of postural hypotension which, in conjunction with cerebral arteriosclerosis, 
offered an explanation for the mechanism of the attacks. When the patient was 
elevated on a mechanical tilting table the systolic blood pressure fell below 90 mm. 
of mercury' and temporary' paralysis of the right leg occurred. Most of the previ- 
ously reported cases of recurrent transient paralysis of brief duration probably be- 
long in the same group. 

Momentary clouding of the vision in one eye occurred in some of the attacks and 
probably resulted from temporarily' inadequate blood flow through the ophthalmic 
branch of the internal carotid artery of the central retinal artery. 

Treatment designed to prevent excessive drops in blood pressure has greatly 
diminished the number and severity of the attacks. 


Author. 
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Miller, H. R.: The Occurrence of Coronary Artery Thrombosis in Polycythemia 

Vera. Am. J. M. Sc. 198: 323, 1939. 

Although there have been extensive investigations on the principles underlying 
the mechanism of blood clotting and on the formation and organization of 
thrombi, we are still unable to explain the precipitating cause of an intravascular 
clot. Nowhere is this truer than in connection with the coronary arteries, and 
this problem assumes a fresh interest in connection with an analysis of coronary 
thrombosis in polycythemia when these vessels remain unaltered. The cases we 
have described illustrate that the clinical manifestations of thrombosis in a norma] 
coronary vessel are indistinguishable from those observed in thrombosis of 
arteriosclerotic coronaries. These clinical features range from complete silence, 
e.g., few or no clinical signs at the time of the occurrence of the thrombosis 
as in some of our cases, to sudden and dramatic onset of shock, pain, and so on, 
as observed in our last ease. The sequelae of disturbed cardiovascular hemodynamics 
and the evolution of anatomic alterations in the heart are not different for poly- 
cythemic patients who develop coronary thrombosis. Arteriosclerosis was absent, 
or at most minimal, in the coronary tributaries; in several instances, this complete 
or almost complete freedom of coronary sclerosis was in contrast to the general 
arteriosclerosis of other parts of the vascular system. The myocardial lesions were 
not limited to microscopic size but were gross and followed the occlusion of good- 
sized coronary vessels. The five cases in this series of seven polycythemics examined 
at autopsy suggest that the concurrence of polycythemia vera with coronary 
thrombosis or with marked myocardial damage of the type associated with coronary 
thrombosis, is more frequent than we were wont to believe and that coronary 
thrombosis, as well as other arterial and venous thromboses, is not to be dissociated 
from the pathogenesis of polycythemia vera. 

It is of some interest to direct attention to the clinical seizures of precordial 
pain in polycythemic individuals in whom the coronary vessels are not occluded. 
The character and the mechanism of this manifestation may be akin to that ob- 
served, with and without intermittent claudication, in states of anemia. It has long 
been known that polycythemia or anemia may be responsible for many of the same 
clinical features and among them, we have reason to believe, precordial pain 
should be included. 

Author. 

Katzin, Herbert M., Waller, John V., and Blumgart, Herrman L.: “Cardiac 

Cirrhosis’’ of the Liver. Arch. Int. Med. 64: 457, 1939. 

An investigation of an unselected series of 2,000 consecutive eases in which 
autopsy was performed was undertaken in order to learn the incidence, types, and 
degrees of hepatic fibrosis in cases of congestive failure and to make a comparison 
of these findings with those in cases in which congestive failure was absent. 

Of the 28G cases of chronic passive congestion, there was an increase of hepatic 
fibrous tissue in ninety-five, or 33 per cent. In 1,714 cases in which chronic 
passive congestion was absent the incidence of hepatic fibrosis was 12 per cent. 
The causal significance of chronic passive congestion in the production of hepatic 
fibrosis was emphasized by the increasing incidence and severity of the fibrosis 
with increasing duration of congestive heart failure. The incidence of each of 
the various kinds of fibrosis except biliary fibrosis was higher in 28G cases of 
congestive failure than in the remaining 1,714. The only type of increase in 
connective tissue peculiar to the cases of cardiac decompensation was central 
fibrosis, for, with a single exception, no instance of central fibrosis was found 
in 1,714 cases in which autopsy disclosed an absence of congestive failure. Of 
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particular interest was the finding of increased periportal connective tissue in 
23 per cent of the 28G cases of congestive failure, as compared with an incidence 
of 9 per cent in the 1,714 cases in which chronic passive congestion was absent. 
This suggests that chronic passive congestion with resulting anoxemia, by in- 
creasing the susceptibility of the hepatic tissue, is also a contributing factor to 
fibrosis in the portal areas. 

By the evidence obtained in this investigation the meaning of the term 
"cardiac cirrhosis” is clarified. Cardiac cirrhosis signifying morphologic increase 
in connective tissue in the liver consequent to congestive failure is present in the 
majority of patients who have suffered from even mild congestive failure for nine 
months or more; the fibrosis may be central or portal or both. Clinical cardiac 
cirrhosis, signifying extreme fibrosis which clearly results from chronic passive 
congestion and which causes evidences of portal obstruction, does occur, but is 
rare. Of the 2SG cases of congestive failure, there were only fifteen in which 
marked but not necessarily predominant ascites required abdominal paracentesis. 
The clinical diagnosis of cardiac cirrhosis can be made only rarely, since it must 
he based on the finding of preponderant ascites, a small liver in spite of elevation 
of the venous pressure, and particularly the presence of a palpable spleen. Not 
infrequently, however, the liver may be enlarged. In such cases, although in- , 
creased fibrous tissue is present and the surface of the liver is generally nontender 
and sometimes somewhat irregular, the dilatation of the sinusoids leads to an in- 
crease in the size of the liver. In a patient in whose case a clinical diagnosis 
of cardiac cirrhosis has been made, one may find portal or central fibrosis, singly 
or in combination, or diffuse patchy fibrosis. 

Authors. 

Kabb, W., and Schonbrunner, E.: The Tendency of the Electrocardiogram to 

Become Normal in Angina Pectoris Patients Whose Adrenals Have Been 

Irradiated. Arch. f. Ivreislaufforsch. 4: 362, 1.03.0. 

Twenty-eight out of thirty-eight patients with angina pectoris were subjectively 
improved following one or more deep x-ray irradiations of the adrenal areas and 
were free of symptoms thereafter for eleven months on the average. 

In ten out of thirteen patients showing an electrocardiogram of hypoxia (either at 
rest or during exercise), there was a tendency for the electrocardiogram to return 
to normal. The authors attribute these changes to irradiation therapy. 

Katz. 

Edens, E.: Indirect and Direct Strophanthin Action. Ztschr. f. Ivreislaufforsch. 

31: 177, 1939. 

Extrasystoles resulting from indirect strophanthin action are no ground for 
stopping drug when the heart’s condition requires its use. 


Katz. 



Book Reviews 


Angina Pectoris: Nerve Pathways, Physiology, Symptomatology, and Treat- 
ment. By Heyrnan E. Miller, M.D., Attending Physician, Sydenham Hospital, 
Associate Attending Physician, Montefiore Hospital, New York. Baltimore, 1930, 
275 pages, 39 illustrations, $3.25, The Williams and Wilkins Company. 

This book contains chapters on the clinical features of anginal pain, the anatomic 
arrangement of the nerves which transmit it, and the physiologic and psychologic 
theories which have been evolved to explain the production of the attacks and the 
variable intensity of their reception in the sensorium. A quarter of the book is 
devoted to the medical and surgical treatment of the anginal syndrome. 

The outstanding feature of the book is its series of anatomic drawings. These 
figures, prepared in collaboration with Dr. V. L. Lyons and drawn by Mrs. S. T. 
Johnson, show in progressive detail the complex network of sympathetic and vagal 
fibers which carry afferent impulses from the heart to the spinal cord. The drawings 
give an exceptionally clear, three-dimensional portrayal of the course of afferent 
fibers through the middle and inferior cardiac nerves to the corresponding cervical 
sympathetic ganglia, and their descent in the paravertebral sjunpathetic chains to 
the upper thoracic ganglia. Their central projection through the white rami com- 
munieantes and over the posterior spinal roots is equally well illustrated. This 
anatomic exposition is, however, open to one important criticism — the lack of emphasis 
on the role played by the thoracic cardiac nerves. The latter, which are so im- 
portant in the neurosurgical treatment of angina pectoris, run directly across the 
posterior mediastinum to the upper ganglia of the thoracic sympathetic chain. 
These connections are included in some of the figures, but no functional significance 
is indicated in any. Their omission is particularly glaring in Figs. 11 and 12. Seml- 
diagrammatic drawings such as these should be self-explanatory, but it requires a 
careful perusal of the text to extract the fact that the thoracic cardiac nerves 
play an important role in pain transmission. In order to emphasize their importance, 
it is not necessary to do more than point out that before their discovery, a decade 
ago, cervical sympathectomy was in disrepute because it failed to relieve cardiac pain 
in at least a third of the patients submitted to operation. 

As regards the chapter on surgical treatment, the text suffers somewhat from 
the fact that it includes no illustrative case histories, and no single surgical proce- 
dure is definitely favored. On the other hand, the discussion of medical treatment 
is unnecessarily detailed in a book like this, concerned, as it is, largely with the 
nervous pathways; an important omission among the details is the failure to point 
out the great value of digitalis, at times lifesaving when acute congestive failure 
complicates coronary thrombosis; coramine is given far too much credit. 

The bibliography is comprehensive and for the most part satisfactory, but there 
are only two brief references to the extensive work of Lerichc and no mention of 
O ’Shaughnessy 's new method of cardio-omentopexy. 

In estimating the value of the book as a whole, it can be recommended highly 
for the technical clarity of its portrayal of the cardiac nerves, but the description 
of medical and surgical therapy adds little to that of previous publications. 

James C. White 
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Cardiovascular Diseases. Their Diagnosis and Treatment. By David Sclierf 

M.D., and Linn .T. Boyd, M.D., Associate Professor of Clinical Medicine, and 

Professor of Medicine, respectively, The New York Medical College, Plower and 

Fifth Avenue Hospitals, New York. St. Louis, 1939, 431 pages, The C. V. 

Mosby Co. 

Except for slight changes in the order of the chapters, this book is essentially 
a translation of the fourth edition of Sclierf >s “Ivlinik und Therapie der Herzkrank- 
lieiten und der Gefasscrkrankungen, ’ ’ published in 193S, and reviewed in this 
Journal (16: 200, 193S). There have been a few minor additions, of which the 
least valuable are in the section dealing with congenital defects. 

As a series of disconnected lectures to postgraduate students, the volume of 
Sclierf was of some interest in presenting the current viewpoint of the Viennese school 
on certain aspects of cardiology. As a monograph on the diagnosis and treatment 
of cardiac and peripheral vascular diseases it is inadequate, and inferior to a number 
of texts already available in English. Incidentally, the translation, in places, is 
far from smooth. For example, on page 373, occurs tills sentence: “The super- 
vision of properly executed digitalis therapy belongs among the most important 
therapeutic acts of the physician.” 

No bibliography is given: only the briefest reference is made to electrocardiog- 
raphy and roentgenologic examination: there arc ten text figures. Etiologic 
classification is ignored, both in arrangement of material and discussion. It is a 
record of personal experience on selected topics. The clinical descriptions are con- 
cise and clear. There arc specific recommendations with regard to therapy. 

The book is intended chiefly to serve ns a handy guide for the “busy practi- 
tioner,” but it does not fill a gap in the literature of the subject, so that there was 
really no need for the translation. 

Robert L. Levy. 

AKTUELLE KREISLAUFFRAGKN. 14. AHZTL1CHER FOUTBILDUNGSLEHRGANG IN BAD- 

Nauheim. By fourteen contributors. 1939, 109 pages, 81 illustrations, Theodor 

Steinkopff, Dresden and Leipzig. 

This book contains fourteen papers given as postgraduate lectures at Bad 
Nauheim, Sept. 23 to 25, 193S, and deals with many subjects pertaining to the heart 
and circulation. In the order in which the papers appear, we have: (1) “Recent Ad- 
vances in Hemodynamics, ” by Pli. Brociuser. Observations are recorded on the 
pulse rate, blood volume, blood pressure, and peripheral resistance during exercise, 
with trained and untrained subjects. In the trained subject, the pulse rate changed 
very little with effort, whereas the blood volume and minute volume increased. 
The systolic blood pressure was slightly elevated and the diastolic decreased. The 
effect of adrenalin was much more rapid in the trained than in the untrained subject. 

(2) “The Control of the Circulation,” by Eb. Koch. This is a verbose and 
highly academic discussion of some well-known, as well as unknown, factors con- 
trolling the circulation to various parts of the body. 

(3) “Clinical Problems of Pulmonary Circulation,” by Max Hochrein, a discus- 
sion not at all profound, and quite rambling — of the physiology of the pulmonary 
circulation, with an attempt to explain such clinical entities as pulmonary edema, 
pulmonary embolism, etc. 

(4) “The Question of Heredity in Cardiovascular Pathology,” by Wm, Weitz. 
fhe author considers that heredity plays a role in the etiology of the following: 
Congenital heart and vascular defects, such acquired heart lesions as rheumatic heart 
disease and coronary disease, cardiac neurosis, essential hypertension and hypoten- 
sion, thromboangiitis obliterans, varices, and hemophilia. 
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(5) “Dilatation and Hypertrophy of the Heart,” by Eugene Kirch. A sound 
discussion of the subject, both from the clinical and experimental standpoint. The 
term “myogenic dilatation” is used to denote cardiac dilatation resulting from 
degenerative changes in the myocardium, and “tonogenie dilatation,” an increase' 
in the heart cavity in the absence of myocardial disease. 

(6) “The Treatment of the Irregular Heart,” by Ernst Edens. Most atten- 
tion is paid to the tieatinent of auricular fibrillation, Imt nothing non* is ad- 
vanced. The author is much impressed by the effects of strophanthin intravenously 
in cases of auricular fibrillation with rapid ventricular rate and congestive failure. 
He advises strophanthin instead of digitalis in chronic fibrillation with slow- 
ventricular rate and congestive failure. Paroxysmal auricular fibrillation is 
treated with strophanthin during and after the attack. Similarly, in cases of 
auricular flutter, the author states that strophanthin is more useful than digitalis 
or quinidine, a statement which many American clinicians will question. Ventricular 
extrasystoles occurring in damaged hearts arc treated with strophanthin. 

(7) “The Pole of the Circulation in Surgery,” by E. Eelm. A mediocre dis- 
cussion dealing chiefly with postoperative shock and containing nothing new. 

(8) “Operative Indications in Circulatory Diseases,” by II. Bohnenkamp. The ‘ 
indications for operations in adhesive pericarditis are presented. A dscussion is 
given of the treatment of angina pectoris by sympathectomy and total thyroidec- 
tomy, two procedures now largely abandoned in America. Some attention is paid 
to nerve section and injection of veins in the management of peripheral vascular 
disease, but nothing new is advanced. 

(9) “Circulatory Questions in Pediatrics,” by IV. Keller. The author speaks 
of childhood vasoneurosis, under which he includes the changes in the circulation 
that occur when the body is brought from the horizontal to the upright position. 

(10) “Effect of Emotional Influences on the Course of Circulatory Disorders,” 
by V. Weizsiiker. A very general discussion of the influence of emotional and 
psychic factors on the clinical manifestations of cardiovascular disease. 

(11) “The Influence of Respiration on the Intrathoracic Veins and Lymphatics,” 
by IV. Pfuhl. The author takes several pages to explain the well-known aspirating 
effect of the negative pressure in the thorax on the return circulation to the heart. 

(12) “New Roentgen Results,” by IV. Bohme. The author relates his observa- 
tions on the blood flow through the heart made with the roentgenkinematograph, 
and emphasizes the value of the method in the study of circulatory problems. 

(13) “The Importance of Recording the Heart Sounds,” by A. IVeber. A 
method for the optical registration of the heart sounds is presented, but the author 
overestimates the diagnostic value of heart sound records. 

(14) “The Dietetic Treatment of Cardiac Patients,” by II. Eppinger. In spite 
of the title, the author pays little attention to the diet, but confines his remarks 
to the treatment of cardiac edema with drugs. For congestive failure, he advises 
a diet rich in potassium and poor in sodium chloride. 

Apparently compiled for the practitioner, as suggested by the title, this book, 
with the exception of the paper by Edens on “The Treatment of Cardiac Irregulari- 
ties,” contains little material of practical importance to the practitioner of 
medicine. The theoretical discussions of the various subjects are at times verbose 
and contain nothing new. 

E. IV. Scott. 

Symposium ox the Synapse: By Herbert >S. Gasser, Joseph Erlanger, Detler It. 

Bronk, Rafael Lorcnte de No, and Alexander Forbes. Ill pages, 57 illustrations, 

§2.00, Charles C. Thomas, Springfield and Baltimore, 1939. 

This is a symposium on the mechanisms of nervous transmission across synapses 
by the American scientists best qualified to discuss the subject. The papers wore 
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first given before the American Physiological Society, at Toronto, in April, 1939, 
and later published in the Journal of Neurophysiology. This volume is a reprint. 

The material given is the “last word” on its subject. It concerns students of 
the heart and circulation only because these organs contain, and are influenced by, 
nervous mechanisms presumably of the character here described. 

Isaac Stark. 


The Patient as a Person': By G. Canby Robinson, M.D., LL.D., Se.D., Lecturer in 

Medicine, Johns Hopkins University. The Commonwealth Fund, 1939, 440 pages, 

$3.00. London, Humphrey Milford, Oxford University Press. 

The discovery, which Hr. Robinson makes in this book, that the hospital patient 
has a life apart from that in the ward, discloses a certain amount of naivete. It 
is similar to the recent discovery which the psychoanalysts have made, namely, 
that their patients possess a body as well as a conscious and unconscious mind, 
psychosomatic medicine. However, both discoveries possess this in common — that 
while the social components of disease, on the one hand, and the physiologic 
components of emotion, on the other, have been recognized since the time of 
Hippocrates, and before, nothing much has been done about it. These problems 
have been stated but not answered. Hr. Robinson proposes to do something 
about it. 

In this very readable book, he gives the results of a careful social study of 174 
patients from the dispensary and wards of the Johns Hopkins Hospital. The 
title is intriguing, the material interesting and well presented. While the subject 
is not new, especially to the physician in general practice, who daily appraises 
the personality and social problems of his patients in their own home and family 
setting, the emphasis on it is stimulating and refreshing. It should have a par- 
ticular appeal to younger medical students and their full-time academic in- 
structors. The methods used in this study arc admirable, paralleling the careful 
collection and analysis of data in any thoughtfully planned clinical investigation. 
It is an important contribution to the understanding and control of social ad- 
versity. 

The 174 patients are classified in various disease categories: those with circu- 
latory, respiratory, and digestive symptoms, respectively; the diabetic, the 
nephritic, the epileptic, etc. “The book is based upon information obtained di- 
rectly from individual patients from their own accounts of the circumstances 
of their lives and from observing them in the hospital and in their homes.” 
Hr. Robinson “made nearly all of the initial interviews and home visits himself.” 
He found “personal inadequacy” as the one basic adverse condition in most of 
his patients. “Negro patients showed much less severe reactions to adversity as 
evidenced by worry, anxiety, and emotional strain.” 

In the patient with circulatory symptoms, Dr. Robinson believes that the 
‘basic problem presented ... is the adjustment of his life to his physical limita- 
tions, so that he may live constantly within these limitations and at the same time 
achieve a maximum of usefulness, efficiency, and happiness as a member of his 
social group.” In the case of these patients with cardiovascular disease, he con- 
cludes: “It is clear that consideration of social and emotional disturbances, while 
!) .v no means replacing rest, physical hygiene, and the judicious use of digitalis 
and other drugs, should constantly take an equal place beside them.” 

The patients with respiratory symptoms disclose other interesting, somewhat 
specific reactions: “The effect on respiration of the major emotions of fear, 
an ger, disgust, wonder, and pleasure is a matter of common knowledge, but less 
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is known about the relation of more prolonged forms of emotional strain to ab- 
normal respiratory action, such as coughing, rapid and shallow breathing, and 
sighing.” 

Of patients with digestive symptoms, he writes: “It may be said, however, 
that they show quite clearly the relationship of emotional disturbances to di- 
gestive symptoms both when organic disease is present and when no evidence of 
it is found. ” 

In the final chapter on the treatment of the patient as a whole, Dr. Robinson 
concludes that in the teaching hospitals throughout this country a department 
covering the social aspects of illness should be established, similar to that recently 
developed in the "University of Brussels, under the direction of Professor Rene 
Sand. 

This book can be heartily recommended to those interested in the social back- 
ground and emotional factors of disease. The material collected and presented 
by a physician has a slightly different flavor than that of similar studies made by 
trained social workers (“The Social Component in Medical Care,” by Janet 
Thornton and Marjorie Ivnauth) . In considering the patient as a person, in ad- 
dition to the emphasis on social adversity, one might wish for more data on his 
“personal inadequacy” — his emotional life, his conscious and unconscious 
drives, his childhood and adult patterns of conduct, his conflicts and frustrations, 
his total personality. 

Walter W. Hamburger. 


Announcements 

Revised Cardiac Clinic Directory Now Ready for Distribution 

It is announced by the New York Tuberculosis and Health Association that 
a revised, up-to-the-minute directory of the city's afiiliated cardiac clinics is 
just off the press and ready for general distribution. The directory, compiled by 
the Heart Committee of the Association, covers the entire city, lists all cardiac 
clinics affiliated with the New York Heart Association, notes the clinic chiefs 
and social workers connected with each hospital, and quotes the hours the various 
clinics are at the public’s disposal. For the first time, it carries a list of employ- 
ment services and rehabilitation bureaus available to those suffering from heart 
disease. 

The directory is for the use of social workers, public health nurses, and teach- 
ers, and copies may be obtained free of charge at the offices of the New I ork 
Tuberculosis and Health Association, 3SC Fourth Avenue, New York City. 

Revised Edition of Standard Work on Heart Diseases Just Off Press 

Far more comprehensive and containing twice as many pages as any of its prede- 
cessors, the revised Fourth Edition of the diagnostic criteria of the New 1 ork Heart 
Association, “Nomenclature and Criteria for Diagnosis of Diseases of the Ilcai t, 
is just off the press. This book, known in previous editions as the ‘ ‘ Criteria for 
the Classification and Diagnosis of Heart Disease,” has long been regarded as the 
standard work of its kind both in this country and abroad, and its fundamental 
purpose is to develop a precise and scientific nomenclature for the diagnosis of 
heart disease. The first edition appeared in I92S. 

This new edition dwarfs all its forerunners, including, as it does, an authoritative 
outline of the three closely related fields of electrocardiography, Tndiologj, and 
pathology, in addition to all-important clinical material. 
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Of the new material that has not appeared in any earlier edition, probably the 
most important is the section titled “An Outline for the Pathological Diagnosis of 
Cardiovascular Diseases and Anomalies,” comprising nine chapters, 100 pages, and 
52 illustrations. It was developed by men who are recognized authorities in their 
field and represents several years of intensive work. 

Another valuable new section — ‘ ‘ Therapeutic Classification ’ ’ — purposes to guide 
physicians, nurses, and others in regulating the physical activity of cardiac patients. 

The text relating to the clinical classification and diagnosis of heart disease has 
been revised, and although all necessary descriptive titles, together with definitions 
and instructions for their proper use, have been retained, a great deal of new 
material has been added. Another innovation finds the functional disorders of the 
heart placed among the titles for the diagnosis of heart disease, agreeing with the 
Standard Classified Nomenclature of Disease. 

Dr. Harold E. B. Pardee served as chairman of the committee which directed 
revision of the book, and his colleagues included Doctors Arthur C. DeGraff, Clarence 
E. de la Chapelle, Cary Eggleston, Charles E. Kossmann, Robert L. Levy, and 
John B. Schwedel. 

Dr. de la Chapelle was chairman of the committee which contributed the section 
“An Outline for the Pathological Diagnosis of Cardiovascular Diseases and Anom- 
alies.” His associates were Doctors William C. Yon Glalm, Irving Graef, Robert 
A. Moore, Douglas Symmcrs, B. Morgan Vance, and the late Louis Gross. 

As has been the case in previous years, the New York Tuberculosis and Health 
Association has arranged to distribute the book through the American Heart Asso- 
ciation, which has adopted the volume as its official text. Copies may be obtained 
from the American Heart Association, 50 West 50tli Street, New York City, at 
§2.00 per copy. A limited number of Spanish translations are also available. 


Corrigendum 

In the article, “Convallan in Cardiac Therapy,” by Ralph H. Major, M.D., and 
Lee H. Leger, M.D., which appeared in the October number of the Journal, Figures 
3 and 4 (p. 446) should be transposed in order to correspond with the legends. 
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THE SPEED OF HEALING OF MYOCARDIAL INFARCTION 

A Study of the Pathologic Anatomy in Seventy-Two Cases 

G. Kenneth Mallory, M.D., and Paul D. White. M.D. 

Boston, Mass, 
and 

Jorge Salcedo-Salgar, M.D. 

Bogota, Colombia 

INTRODUCTION 

T HE treatment oi' any pathologic process can be carried out intelli- 
gently and scientifically only when it is based on a thorough under- 
standing not only of how the lesion develops, but also of the means 
by which it heals and the speed with which this healing takes place. 
It has been known for a long time that occlusion of a main coronary 
artery or of a large branch will produce an infarct in the myocardium. 
It is also a well-recognized fact that, if the patient continues to live, 
such an infarct will undergo a process of healing, consisting of removal 
of the necrotic muscle fibers and replacement of them by connective 
tissue which in time forms a firm, contracted, fibrous scar. 

It is very difficult, however, to find in the literature any exact 
description of the details of this process and, particularly, any dis- 
cussion of the speed with which healing may be expected to take place 
in the human heart. This study was therefore undertaken in the hope 
that conclusions could be drawn which would be of value in the treat- 
ment of myocardial infarcts. 


LITERATURE 

Hie literature on coronary thrombosis and myocardial infarction is 
very extensive and, therefore, practically impossible to review here 
m any detail. The process of healing has been studied both in human 
autopsy material and experimentally. 

General HospUal 00 ' Institutc of Pathology, Boston City Hospital, and the Massachusetts 
Meethf^Noveniber * 19 ^ 7 ^ EneIand Heart Association, Massachusetts General Hospital 
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It was not until 1S80 that pathologists began to show any particular 
interest in myocardial infarcts and really to grasp their significance. 
Undoubtedly, isolated instances had been described before this time. 
In this year (I8S0). Weigert, 1 in a paper entitled “Ueber die patho- 
Iogischen Gerinnungsvorgange,” showed that myocardial infarcts were 
analogous to infarcts occurring elsewhere in the body. He described 
both the gross and microscopic appearance of acute myocardial in- 
farcts and said that the healing process consisted in the removal of 
the necrotic muscle and its replacement by granulation and, event u- 
ally, by scar tissue. He also knew that a fibrinous pericarditis and 
an endocardial thrombus were likely to occur and that these also might 
be transformed into scar tissue. In the same year, Ziegler 2 introduced 
the term myomalacia cordis, in referring to these lesions. 

Prom this time on, as a result of further refinements in histologic 
technique, more details of the process were gradually learned, but 
very little attention seems to have been paid to the speed with which 
healing occurs. It was not until the publication of Levine's 2 mono- 
graph on coronary thrombosis, in 1929, that there was any detailed 
attempt to correlate the age of the infarct with the gross and histologic 
findings. From the cases in his sei-ies in which an autopsy was per- 
formed, 46 in all, he drew the following conclusions: (1) Necrosis of 
muscle is the predominating feature from the fourth day to the end 
of the third week ; (2) repair by connective tissue is demonstrable on 
the sixth or seventh day, but this is not striking until the third week ; 
(3) five weeks are required for cicatrization to develop to a sufficient 
extent to prevent rupture; and (4) firm healing by vascularized scar 
tissue may be observed eight weeks after onset. 

Experimental coronary occlusion was attempted even before cardiac 
infarcts had been recognized at autopsy. The first of these attempts 
was probably in 1698, only about seventy years after Harvey’s de- 
scription of the circulation of the blood. In that year Chirac 1 tied the 
coronary artery of a dog and found that the heart stopped beating 
almost immediately thereafter. Similar experiments were described 
by Erickson 2 in 1842, and by Cohnlieim and von Scliultliess-llechberg, 0 
in 1881. In all of these early experiments the animals survived only 
a few minutes, and the observations made on the heart were of neces- 
sity physiologic rather than pathologic. The last two authors did, 
however, note that the portion of the heart muscle nourished by the 
occluded blood vessel became at first pale and soon afterwards a more 
livid blue. 

In 1S93, Kolster,” using an improved operative technique and tying 
only a small branch of a coronary artery, was able to keep some ol 
his animals alive for periods varying from one day to one year and 
five months. lie described such artificially produced lesions in a series 
of 12 dogs and demonstrated that the infarcts may heal by a process 
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similar to that now known to occur in man. The infarcts that he pro- 
duced were not, however, complete infarcts. This was probably be- 
cause onlj r a small-sized vessel was occluded. With the histologic 
technique which he used, a satisfactory interpretation of the details 
of the process of healing was impossible. 

Baumgarten, 8 in 1899, published an excellent discussion of experi- 
mental coronary occlusion but devoted more space to the physiologic 
than to the morphologic aspects of the problem. He used both cats 
and dogs, ligating various branches of the left and right coronary 
arteries. In this way, he was able to discover which areas of the 
myocardium obtained their nourishment from these blood vessels. 
Gross and histologic descriptions were given of the lesions produced 
in eight cats and six dogs. The survival periods varied from twenty- 
two hours to seven months. The acute infarcts were described as 
white, or whitish-yellow, opaque, and flaccid. In only three cases were 
the infarcts hemorrhagic. At the end of two weeks they became white 
and began to contract, and at seven months the infarct was converted 
into a thin, white, semitransparent, glistening membrane. Histologi- 
cally, coagulation necrosis was fully developed after twenty-four 
hours. At three days, leucocytic infiltration was found, and there were 
signs of connective tissue proliferation along the margins of the in- 
farct. By the end of fourteen days, connective tissue with many 
capillaries traversed the whole infarct, and the necrotic muscle had 
largely disappeared. The next and oldest infarct described was not 
very satisfactory in that it was only partial. It showed normal muscle 
traversed by bands of connective tissue. No difference in the process 
of healing was noted in the two types of animals used. 

By far the most thorough and satisfactory of the studies of experi- 
mental myocardial infarction was published b.y Karsner and Dwyer, 0 
in 1916. In order that their observations can be compared with ours 
on human material, we will give them in some detail. 

Dogs were used, and in each the descending branch of the left 
coronary artery was tied. The dogs were killed after various lengths 
of time, and in this way a graded series of infarcts was obtained. The 
ages of the infarcts were one-half hour, 12 hours, 1 day, 2 days, 3 days, 
5 days, 6 days, 11 days, 14 days, 18 days, 61 days, and 70 days. Care- 
ful gross and microscopic descriptions of each stage were given. 

Grossly, the first recognizable change was pallor of the affected area. 
The infarct became gradually more sharply defined. At two days, it 
seemed dry and granular, and, at three days, the center was mottled 
with dusky red areas while the endocardial and pericardial surfaces 
were a gray-yellow. By five days the infarct was sharply defined, 
somewhat thinned, and surrounded by a fine line of reactionary hyper- 
emia. The eleven-day infarct was mottled yellow gray and dusky red 
and surrounded by a thin gelatinous border. At eighteen days this 
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border had become much thicker. The picture at sixty-one days was 
one of complete fibrosis, although minute yellow dots of necrotic ma- 
terial could still be seen. After seventy days only a fibrosed scar was 
found. 

The histologic changes were as follows. In the earliest infarct, one 
about a half-hour old, ill-defined areas showing interstitial edema, 
congestion, and small hemorrhages were found. The cross striations 
of the muscle fibers were decreased. By twelve hours there were also 
areas of hyaline necrosis of the muscle fibers, pyknosis or disappear- 
ance of muscle nuclei, polymorphonuclear leucocytic infiltration, and 
a few mononuclear cells. In the twenty-four-hour infarct, hyaline 
necrosis of the muscle was increased, and these necrotic fibers were 
becoming fragmented and invaded by polymorphonuclear leucocytes. 
Also, the connective tissue around the blood vessels and beneath the 
endocardium contained mitotic figures. These fibroblasts had notice- 
ably increased in number by forty-eight hours, and after five days 
there was a well-defined zone of these cells at the periphery of the 
infarct. At six days definite plasma cells were found among the 
infiltrating cells. From eleven to eighteen days, the necrotic muscle 
gradually decreased in amount and was slowly replaced by connective 
tissue. Alitotic figures in the fibroblasts gradually decreased in num- 
ber. At eighteen days the infarct had become a well-defined scar, 
although necrotic muscle, monocytes, polymorphonuclear leucocytes, 
and lymphocytes were still present. Very small areas of necrotic mus- 
cle were still present at sixty-one days and seventy days, but the con- 
nective tissue had become very much condensed and the cellular in- 


filtration had disappeared. 

From the preceding discussion it can be seen that, save for the de- 
scriptions given by Levine, the only work that has taken the time 
element in healing into consideration has been carried out on experi- 
mental animals. The pathologic discussion given by Levine, although 
excellent, does not cover a sufficient number ol cases and is not de- 
tailed enough for adequate conclusions. The experimental studies 
allow one to conclude that infarcts similar to those seen in man can 
be produced in animals, and that these infarcts heal by a process vein 
like that ■which occurs in the human. It does not seem lair to state. 


however, that this process goes on at the same speed as in man. ioi 
it is obvious that the infarcts in the animal must be smaller because 
of the small size of the heart itself, and also that the remaining col- 


lateral circulation in the animal heart is relatively more adequate be- 


cause no marked degree of arteriosclerotic change is present. 


MATERIAL OF PRESENT STUDY 


The material used 
showed a myocardia 


iii this investigation consisted ol patients who 
infarct at autopsy and had been thoroughly 
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studied elinieally. so tint! conclusive evidence as to t lie onset, and 
therefore the aye. of the infarct was available. In order to obtain 
an adequate number of such eases it was necessary to use material 
from several hospitals. We are urateful to the following Boston Hos- 
pitals for their aid in this study: Peter P.ent Briyham. P.eth Israel, 
Boston City, and Massachusetts (tenoral. 

Although the original uroup consisted of more than 100 east's, only 
seventy-two of these were found to be entirely satisfactory from all 
points of view. The distribution of these eases from the standpoint 
of the aye of the infarct can be seen in Table I. As is shown by this 
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table, a sufficiently satisfactory distribution of infarct ayes occurred in 
the period of the fir-t five weehs, but tliereafter only more or less sporadic 
representat ion was found. Hid, completely healed infarcts were also 
comparatively easy to fi ml. and in some of these eases the aye of the 
infarct could be computed from the history. It was very difiieult, 
however, to obtain data from patients ilyiuy in the period of from six 
weeks to eleven months after the occurrence of the infarct. 

flic followiny yeneral features of the yroup are of some interest, 
mid, when compared with other laryer series, show that our yroup 
was representative. 

T Aye of patient. The averaye aye of the patients was 5!). 2 years; 
the younyest was -12 years of aye, the oldest. 7!) years. 

Bex. Seventy-four per cent of the patients were males and 2(5 per 
cent were females. 
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3. 'Weight of the heart. The average weight was 503.5 gm. ; the 
smallest weighed 300 gm, and the largest, 880 gm. It was thought 
that the weight of the heart in relation to the age of the infarct- might 
be of some interest. Four hearts with infarcts 1 to 2 months old aver- 
aged 450 gm. in weight, five hearts in which the infarct was 2 to 6 
months old averaged 500 gm., and eighteen hearts in which the infarct 
was more than 6 months old averaged 570 gm. These data suggest 
that an infarct, per se, may lead to cardiac hypertrophy. 

4. Cardiac rupture. This had occurred in eight cases. None of these 
infarcts was more than 2 weeks old. The average weight of these 
eight hearts was 4S4 gm. 

5. Diabetes mellitus. This disease was present in nine cases. The 
average age at time of death in this group was 58 years. 

6. Coronary arteries. In practically all of these cases there was a 
moderate to marked generalized coronary atherosclerosis in addition 
to occlusion of a branch. In the original group, definite thrombi were 
found in seventy instances. The distribution of these thrombi was as 


follows : 

a. Left coronary artery 59 cases 

Descending branch 52 

Circumflex branch 4 

Septal branch 3 

b. Bight coronary artery 8 cases 


c. Right and left coronary arteries 3 cases 

7. Location of the infarct. As would be expected from the location 
of the occlusions, the majority of the infarcts involved the apex of the 
left ventricle alone, or this and the interventricular septum. In fifty- 
four of the cases the location of the infarcts was described in sufficient 
detail so that a satisfactory idea of their position and extent, could 
be obtained. The distribution of these is given in tabular form below -. 


Left ventricle 

Apex 24 

Apex and septum 22 

Base 5 

Base and septum 2 

Bight ventricle 1 


S. Valve lesions. Aortic stenosis, probably caused by arteriosclerosis, 
was present in four cases, and in one there was a rheumatic mitral 
st enosis. 


In many of Ihe eases the only histologic material available consisted 
of the routine autopsy sections of the heart. Most of those had been 
stained with phloxine methylene blue, a few with hematoxylin and 
cosin. Material fixed in Zenker’s fluid and in formalin was, however, 
obtainable in the cases representing the more important ages of the 
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infarct, and in these cases phosphotungstic acid hematoxylin, aniline 
blue connective-tissue, iron, and fat stains were made. 

The histologic changes will be first described and then correlated 
with the gross appearances. In dealing with the histologic picture, 
a discussion of the appearance and progress of each of the histologic 
features will be first presented, and then an attempt made to describe 
the criteria characteristic of the various ages of the infarcts. 

HISTOLOGIC DATA 

Necrosis . — The first result of a stoppage of the blood supply to a 
portion of the myocardium is necrosis of the muscle fibers and, to a 
lesser extent, of the connective tissue and smaller blood vessels. Al- 
though probably the necrosis of the muscle starts almost immediately, 
it is difficult or impossible to find any definite histologic evidence of 
it until five or six hours have elapsed. There are several changes that 
then become evident. The most striking and generalized of these is 
that the involved muscle fibers begin to appear somewhat hyaline and 
take a much deeper acid stain. In a hematoxylin and eosin, and, to a 
much more marked extent, a phloxine methylene blue preparation, 
they are a much brighter red. The striations become somewhat more 
difficult to see, but do not disappear, and can even be found in later 
stages when the muscle fibers have been broken into small fragments 
and have undergone phagocytosis by histiocytes. 

Other signs of necrosis occur in single fibers or small groups of 
fibers. In these the striations cannot be made out ; the fibers are 
swollen and contain eosinophilic granules of various sizes, or large, 
irregular cross bands. 

If the thrombosis is complete the necrosis will be found to occur uni- 
formly throughout the infarct, save for a thin layer of surviving tissue 
along the endocardium which extends along the Thebesian veins up 
into the myocardium. This layer is about 0.3 to 0.5 mm. in thickness. 
Its existence must be explained by assuming that nourishment passes 
directly through the endothelium from the blood present in the lumen 
of the ventricle and in the veins. It was also found to occur in the 
experimental infarcts described by Karsner and Dwyer. 

Necrotic muscle is a constant constituent of these infarcts and, al- 
though gradually removed, may persist for a long period of time. It 
was found in two out of five infarcts at 1 month of age, in two out 
of three at 5 weeks, in one at 6 weeks, and in one at 4 months. 

Hemorrhage . — Hemorrhage into infarcts is somewhat variable. It 
frequently occurs, but is usually found to be focal rather than spread 
diffusely throughout the infarct. On histologic examination, the erythro- 
cytes are most frequently found to be in distended venules and blood 
capillaries, while true extravasation around the muscle fibers is com- 
paratively rare. As these hemorrhages become older the erythrocytes 
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break up, and eventually tlie hemoglobin which they contained is 
taken up by macrophages in the form of hemosiderin. In the past 
there has been much discussion as to whether myocardial infarcts 
should be classified as anemic or hemorrhagic. The true answer to 
this question is probably that they may show features of both and 
are rarely, if ever, purely one or the other. 

Fat . — The amount of fat present in an infarct is to a large extent 
dependent on how suddenly the thrombosis or occlusion took place. It 
the area of myocardium that is infareted has previously had an in- 
sufficient circulation, fatty degeneration will have occurred, and the 
infareted muscle contains a large number of small fat droplets. If, on 
the other hand, the muscle was entirely normal before it was infareted, 
it shows only a small amount of fat. In this type of infarct the 
majority of the fat will be found on the periphery, adjacent to normal 
fibers, while the central fibers show little or none. The probable ex- 
planation of this distribution is that these peripheral fibers get partial, 
but insufficient, nourishment from the adjoining normal tissue. The 
amount of fat decreases as the infarct gets older and is removed at the 
same time as the necrotic muscle fibers. 

Infiltration xoith Polymorphonuclear Leucocytes . — As a result of the 
necrosis of muscle, polymorphonuclear leucocytes are attracted and soon 
begin to infiltrate around and into the necrotic muscle. This appar- 
ently begins about as soon as signs of necrosis can be identified in the 
muscle. This infiltration starts peripherally and spreads centrally j 
it is much more active on the epieardial side and in those portions 
adjacent to the uninvolved muscle with intact vasculature than on 
the endocardial surface. In the earliest stages the polymorphonuclear 
leucocytes are found in the interstitial tissue and around the blood 
vessels. From here they infiltrate diffusely around and, to some ex- 
tent, into the necrotic fibers. The power to penetrate seems somewhat 
limited, and in large infarcts, particularly when the remaining circu- 
lation is poor, the central portions of the infarct never become infil- 
trated. Sometimes a sharp line of demarcation can be found between 
the infiltrated areas and those that are not. suggesting that the infil- 
trative power of the leucocytes is definitely limited. 

The first signs of infiltration are seen in infarcts during the first 
twenty-four hours. The amount of infiltration progressively increases 
during the first four days. At about forty-eight hours some of the 
polymorphonuclear leucocytes start to undergo degenerative changes, 
as evidenced by the loss of sharpness of their outlines and the accumu- 
lation of fragments of nuclear debris. By the fifth or sixth day many 
of the polymorphonuclear leucocytes have become necrotic and there- 
after gradually disappear. By the fourteenth day they have practi- 
cally completely disappeared. 

For some reason not understood, after the removal of the peripheral 
muscle fibers, in the process of healing, the remaining central necrotic 
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muscle provokes little or no fresh infiltration of polymorphonuclear 
leucocytes, even when the collateral circulation has developed to such 
a point that fresh capillaries are present adjacent to it. 

The exact function of the polymorphonuclear leucocytes is difficult 
to explain. They do not pliagocytose the necrotic muscle. It is pos- 
sible that they may produce some enzyme which aids in the final 
breakdown and phagocytosis of the muscle fibers, but they produce 
no definite change in the muscle fibers that can be recognized histo- 
logically. 

Infiltration by Eosinophilcs. — From the fourth to the eighteenth day, 
varying numbers of eosinophiles may be found in the areas of infil- 
tration. 

Ingrowth of Mood Vessel s- and Connective Tissue Celts. — Newly 
formed blood capillaries can be found growing into the infarcted area, 
beginning on about the fourth day. This process starts on the periph- 
ery and extends centrally. When the infarct involves the endocardial 
surface, only slight ingrowth of blood vessels and connective tissue 
can be found occurring from this side. The extent of this vasculari- 
zation seems to he limited to a certain degree. It takes place quite 
rapidly on the periphery and more slowly in the center. In large 
infarcts which show necrotic central masses of muscle, frequently no 
vascularization of this tissue can be demonstrated even at periods 
when the periphery of the infarct is well healed. These newly formed 
blood vessels never seem to attain very large size. 

Accompanying these blood vessels, fibroblasts can be seen to grow 
into the infarcted area. These frequently show mitotic figures. While 
still young, they show, in the phloxine methylene blue preparation, a 
basophilic staining of their cytoplasm. These basophilic fibroblasts 
have been found in infarcts ranging in age from 4 to 23 days. 

It is very difficult to be sure whether all of the fibroblasts found in 
the healed stage of the infarct are the result of this ingrowth, or 
whether part of them represent the original fibroblasts of the stroma 
of the heart which have survived while the muscle fibers have not. 

When one compares the healing of cardiac infarcts with the healing 
of infectious lesions, one discovers that the fibrin which is present in 
the latter is quite strikingly absent in the former. The ingrowth of 
connective tissue and blood vessels cannot be explained as an organi- 
zation of fibrin; the exact stimulus for it is not known. 

The Removal of the Necrotic Muscle, and Infiltration by Pigmented 
Macrophages. — The removal of the necrotic muscle is the result of 
phagocytosis by mononuclear cells, probably histiocytes. This process 
starts at the periphery and begins simultaneously with the ingrowth of 
blood vessels and connective tissue. The histiocytes penetrate the ne- 
crotic muscle fibers and gradually phagocytose the muscle. They can 
be found containing reddish fragments of muscle. These fragments are 
apparently dissolved in the cell, and they disappear. The waste, or 
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lipofuscin pigment of the muscle, is also pliagocytosed, but it cannot 
be dissolved and remains in the cell. Because of this, any healing in- 
farct can be found to contain numerous pigmented macrophages. 

Most of the pigment in these phagocytic cells was formerly pres- 
ent around the nuclei of the muscle fibers. It is yellow-brown in 
color and does not give a positive iron reaction, but does stain faintly 
with scarlet red. Some of the cells, however, do contain iron-positive 
hemosiderin granules resulting from the breakdown of erythrocytes in 
hemorrhagic areas. Frequently both types of pigment are present in 
a single macrophage. 

The removal of the necrotic muscle occurs much more rapidly at 
the periphery than it does centrally. In a 10-day infarct the periph- 
eral muscle fibers are usually completely removed for a distance of 
about 1 mm. Active absorption can be demonstrated to be taking 
place in infarcts as old as 6 weeks. After this time necrotic muscle 
may still be present, but signs of absorption are difficult to demonstrate. 

The pigmented macrophages remain for a, time after actual absorption 
has ceased. As the infarct becomes older they decrease in number, and 
in infarcts 1 to 2 years old they have practically disappeared. 

Lymphocytes and- Plasma- Cells . — Foci of lymphocytes and plasma 
cells can be found in infarcts as soon as absorption of muscle fibers 
starts. They are never as numerous as the macrophages. They also 
decrease in number as the infarct becomes older and usually disappear 
at about the same time as the pigmented macrophages. 

Collagen- Formation by the Fibroblasts . — As the newly-formed con- 
nective tissue in the infarct becomes older, increasing amounts of 
intercellular collagen fibers are formed. It is the formation of this 
collagen that increases the strength of the fibrous sear. Fine, newly- 
formed collagen fibers are usually found first at about twelve days. 
At three weeks the collagen is moderately prominent, particularly at 
the periphery, and at about two to three months it has reached its 
maximum. 

The Pericardium . — In many infarcts, particularly those in which the 
muscle beneath the epicardium is involved, a fibrinous pericarditis can 
be found after twenty-four hours. This begins to become organized 
about the eighth or ninth day and, unless of unusual thickness, or- 


Fig. 1. — Photomicrograph, medium power, 24-hour infarct The muscle fibers are 
swollen, opaque, and take an acid stain. The nuclei are difficult to make out. Many 
muscle fibers have a banded, granular appearance. There are a slight degree or 
polymorphonuclear leucocytic infiltration in the interstitial connective tissue and very 
early invasion between the muscle fibers. 

Fig. 2. — Photomicrograph, medium power, five-day infarct. Necrosis of muscle fibers 
is shown by deep staining with eosin. Nuclei are difficult to make out. There is marked 
Infiltration by polymorphonuclear leucocytes between, and, to a certain extent, into, the 
necrotic muscle fibers. Particles of nuclear debris in areas of infiltration have arisen 
as a result of the necrosis and breakdown of the polymorphonuclear leucocytes. There 
Is periphery of infarct above and in central portion below. Infiltration tends to decrease 
toward center. 
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Figs. 1 and 2. (Sec opposite pat/c for ler/ends.) 

Fig. 3. — Photomicrograph, medium power, fourteen-day infarct. Peripheral muscle 
Hbcrs have been completely removed. Fairly numerous, fine collagen libers are present, 
there is infiltration with pigmented macrophages and lymphocytes. 

, . Fig. 4. — Photomicrograph, medium power, five-week infarct. Field chosen to show 
histologic picture adjacent to central necrotic muscle. No acute reaction is present. A 
tew histiocytes appear next to the necrotic muscle fibers which are apparently 
Phagocytosing them. Collagen is quite prominent except adjacent to the necrotic muscle. 
a few lymphocytes and pigmented macrophages are present. 
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ganization should be complete in about four weeks after the onset of 
the infarction. (See Table 31 .) 


Table II 


Organization ok Pericardial Lesion 



UNORGANIZED 

ORGANIZING i 

ORGANIZED 

2 da vs 

1 



3 days 

O 



-t da vs 

3 



a davs 

O 



9 davs i 


•> 

o 




1 



1 

1 





o 




1 




s 

1 month i 


1 



The Endocardial Thrombus . — In our experience, the occurrence and 
state of organization of an endocardial thrombus have proved less 
reliable than the pericardial reaction as a means of judging the age 
of an infarct. Endocardial thrombi occur as early as the fifth day. 
Beginning organization is found on the ninth day, and complete or- 
ganization, on the sixteenth day. Fresh or only partially organized 
thrombi are, however, found in comparatively old infarcts. Because 
of this we feel that at least some of the mural thrombi occur, not as a 
direct result of the infarct, but as a secondary result of a later dilata- 
tion of the heart. This is shown in Table III. 


Table III 

Organization of Moral Thrombus 



UNORGANIZED 

ORGANIZING 

ORGANIZED 

•I davs 

1 

1 


r> davs i 

o 



(i davs 

1 



9 davs 


1 


10 davs 


1 


12 davs 


2 


14 davs 



3 

1(! davs 



3 

23 davs 


i 


20 davs 



3 

4 weeks 


«> 

«.» 


.3 weeks 


i 

3 

3 months 


i 


10 months 



3 

3 years 

1 


1 


CHARACTERISTIC FEATURES OF INFARCTS OF VARIOUS AO US 

Even when one keeps the above-described criteria in mind, it is not 
always easy to judge the age of an infarct from the histologic section. 
This is particularly true of the infarcts that arc three or more weeks 
old. To judge the age of an infarct, it is very important that the 
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Fig. 5. — Photomicrograph, medium power, three-month infarct. Periphery is shown 
with normal fibers above. In the infarct, collagen has become very dense and prominent. 
The vessels are still moderately prominent. Infiltration of cells lias practically dis- 
appeared. 

Fig. G. — Photomicrograph, medium power, four-year infarct. Normal muscle is shown 
above. Infarct consists of very old, dense, scar tissue. Little can be seen in scar but 
very thick collagen bundles. Cell nuclei are rare, and tissue is relatively avascular. 

Fig. 7 . — Photomicrograph, medium power, five-day infarct. Endocardial surface is 
shown. Below is an unorganized mural thrombus. There is a band of uninvolved 
muscle above this which lias been spared as a result of obtaining nourishment from the 
ventricular cavity. Dark-staining necrotic muscle is above this. Note that practically 
uo infiltration has occurred from the endocardial surface. 

Fig. g. — Photomicrograph, medium power, ninety -six-hour infarct. Periphery of in- 
i'!;’' 0 '' shows beginning proliferation of blood vessels. Small capillary sprouts can be 
een glowing in towards the infarcted area. 
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material for microscopic examination be taken from the proper area. 
As has already been pointed out, healing takes place at different rates 
of speed in various portions of the infarct. It is slowest in the center 
and most rapid at the periphery, particularly in those areas adjacent 
to the most effective collateral circulation. A section which shows 
both uninvolved musculature and the edge of the infarct is the most 
satisfactory. 

When such a section is available one should be able to date infarcts 
with a fair degree of accuracy. The histologic features that should be 
found in the infarcts of various ages are the following: 

First Week . — During the first twenty-four hours, necrosis of muscle 
should be found, with slight polymorphonuclear leucocytic infiltration 
at the periphery. From the second to the fourth day the degree of 
this infiltration should increase progressively. In the four-day in- 
farct the periphery should show marked infiltration with polymorpho- 
nuclear leucocytes, with degenerative changes and signs of necrosis in 
many of those infiltrating cells. On the fourth or fifth day the first 
signs of removal of muscle fibers appear. Blood capillaries and con- 
nective tissue can be found j>enetrating the infarct from the periphery. 
Single fibers, or small clumps of fibers, may have undergone phagocytosis 
and removal by the seventh day. 

Second Week . — It is during this stage that the removal of the periph- 
eral muscle fibers becomes a prominent histologic feature. By the tenth 
day there is a peripheral zone, 1 mm. or more in thickness, from which 
the necrotic muscle fibers have been almost completely removed. As 
a result, numerous pigmented macrophages are found. The ingrowth 
of blood vessels and connective tissue has become quite prominent. 
The fibroblasts have a curious basophilic character. Moderate num- 
bers of eosinophiles, lymphocytes, and plasma cells may be found. 
Active phagocytosis and removal of fibers occur along the edge of the 
remaining necrotic muscle. By the end of the second week the muscle 
fibers should be almost completely removed from small infarcts (3 to 
4 mm. in diameter). Polymorphonuclear leucocytes have practically 
disappeared. 

Third Week . — During the third week the removal of muscle fibers 
still continues in large infarcts. Pigmented macrophages are numerous. 
Eosinophiles are still present, but decreasing. The basophilia ol the 
fibroblasts is also becoming less marked. Plasma cells and lymphocytes 
may be fairly prominent. Tn addition to these features, the first signs 
of collagen formation may be found in the form of fine collagen fibers. 
These are first produced by the fibroblasts at the periphery. 

Fourth to Sixth Week.— During: this stage, recognition of the age of 
the infarct is largely dependent upon the amount of collagen that has 
been formed by the connective tissue cells. Therefore, accurate dating 
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is difficult or impossible. A necrotic central mass of muscle may still 
be found during this period, and usually some signs of active removal 
of this material are still present. By the end of this period, collagen 
is quite a prominent feature in the infarct. The whole scar is defi- 
nitely contracted, and the vascularity and infiltration by pigmented 
macrophages and lymphocytes are beginning to decrease. 



Fig. 9. — Photomicrograph, low power, ten-day Infarct. Complete cross section of 
wall of left ventricle. Infarct lias Involved the whole wall. Dark -staining tissue In 
central portions consists of necrotic muscle fibers without reaction. Along both upper 
and lower borders of this Is a narrow hand In which the muscle has been almost com- 
pletely removed, showing that healing Is taking place from both endocardial and 
epicardlal sides. A similar process can he si-on In the papillary muscles, where dark- 
staining necrotic muscle Is present In the central portions. There are present a fibrinous 
pericarditis and an endocardial thrombus, both of which show early organization. 



A ( 1 -ih ^.—Photomicrograph, low power, sixteen-day Infarct. A Vail of left ventricle, 
left to contrai ar ea of necrotic fibers which arc not ns yet removed is shown. At upper 
mu , ? wedge-shaped area of unlnvolved muscle. Falc areas are those in which 
Note till 08 " cen completely removed. Infarcted nrea has not yet shrunk appreciably. 
o m w"I,, a , rca ' of unlnvolved muscle along endocardium. There Is a completely organized 
endocardial thrombus at lower right. 
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Sixth IV ech io Second Month . — During tiiis period the collagen be- 
comes more and more dense, until, at the end of two months, this 
process has about reached its maximum. Except in very rare eases, 
the muscle fibers are completely removed by the end of this period. 
Cellular infiltration is markedly diminished. The infarct is now prac- 
tically healed. 

Second Month On . — Very little further change takes place, although 
some pigmented macrophages and lymphocytes may be found up to 
one year. 

The findings described above are summarized in Table IV. 



Fig. 11. — Photomicrograph, low power, five-week infarct. Central islands of necrotic 
muscle are still present. In areas surrounding these, muscle fibers have been completely 
removed. The sear is becoming dense and contracted. Note sharp areas of demarca- 
tion between necrotic muscle and healed areas. A dense, completely organized endo- 
cardial thrombus and marked sclerosis of blood vessels are present. In two areas which 
apparently have better vascularization, muscle fibers have been removed throughout 
the entire thickness of the myocardium. 


GROSS APPEARANCE 

Attempts were made to discover the gross characteristics of infarcts 
of various ages. For this purpose the only available material in the 
majority of the cases consisted of the gross descriptions given in the 
autopsy protocols. The results were discouraging, save for a few gen- 
eralities. Most infarcts were described as soft, until an age of two to 
three months was reached. From that time on they were usually 
noted as firm and contracted. The descriptions of the colors were 
even less helpful. Most early infarcts were described as yellow, or 
red, or pale, and no uniformity was reached until the infarcts were 
about three months old. when they were depicted as white, fibrous scars. 

As a result of these difficulties, myocardial infarcts from which 
gross specimens had been preserved and those occurring in current 
autopsies were observed, and the gross and microscopic pictures cor- 
related. This series is as yet too small for entirely satisfactory con- 
clusions. It is sufficient, however, to allow us to say lhat most of the 
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features described histologically can also be seen grossly if the in- 
farcts are examined closely enough. 

The earliest change after infarction is that the involved area of 
myocardium appears paler and dryer than normal. Sometimes, focal, 
blotchy, red-purple areas of hemorrhage are found. This is essentially 
the picture during the first forty-eight to seventy-two hours. At first 
the changes are very slight and difficult to make out, but they become 
progressively more distinct. 

As soon as any degree of leucocytic infiltration has occurred’ the 
infiltrated areas become yellow-brown in color. In an infarct about 
four days old a fine yellow line or border can be seen around its 
periphery. As the infiltration becomes more extensive this yellow 
band becomes broader in extent, and sometimes even a yellow-green 
in. color. This is particularly true of infarcts six to eight days old. 

The removal of muscle fibers shows itself in two ways. In the first 
place, a reddish-purple zone is found around the periphery of the in- 
farct as the result of the formation of granulation tissue. The color 
is due to the presence of numerous newly-formed capillaries filled with 
erythrocytes. In the second place, the actual removal of fibers results 
in a shrinkage in the volume of the whole infarct. Therefore, the 
thickness of the myocardium in the infarcted area decreases, and a 
definite depression can he seen around the periphery of the infarct 
when it is viewed in cross section. This process first becomes appar- 
ent- grossly after eight to ten days. 

Continued healing results in an increase in the width of this band 
of depressed granulation tissue. The central mass of necrotic muscle 
gradually decreases in amount and assumes a pale, red-brown color. 
At three to four weeks, usually only small islands of necrotic muscle 
are found, and these are completely surrounded by granulation tissue. 

As this granulation tissue becomes older its collagen content in- 
creases, and the capillaries arc compressed and less prominent. As a 
result of this, it becomes much paler and appears somewhat gelatinous. 
As the infarct becomes older it. contracts more and more and even- 
tually is transformed into a shrunken, firm, white, fibrous scar. It 
presents tin’s appearance after about two to three months, and grossly 
no further change can be seen to take place. 


rip. 12.— Gross photograph, seven-day infarct. Longitudinal section of wall of left 
ventricle. Epicardial fat is shown along right border. Infarcted muscle stands out ns 
irregular pale areas. In contrast to normal, darker, uninfarcted muscle. There is n fresh 
thrombus on the endocardial surface. 


Fig. 13 . — Gross photograph, fourteen-day infarct. Ivongitudinnl section of wall of 
left ventricle with epicardial fat along right border. The unremoved infarcted muscle 
can he seen as pale islands, surrounded by a dark, depressed zone of granulation tissue 
Here peripheral muscle fibers have been removed and replaced by blood vessels and 
connective tissue. The myocardial wall is somewhat decreased In thickness. 

I -'/g. H. — Gro«s photograph, infarct C. or more, months of age. Longitudinal section 
of wait of left ventricle. Epicardial fat may be seen to left. The rnyocardlal wall 
very shrunken and consists of pale scar tissue, Necrotic muscle is compl telj rein >\<o. 

Fig. I". — Photomicrograph, high power, ten-day Infarct. Detail, to show of 

removal of necrotic muscle. Fibers fragmented but have not 1 

Fragments are surrounded by histiocytes which seem to dls-ohe and plingocjto . thou. 
Polymorplionucienr leucocytes are rare at this stage. 
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Similar ehaii"es occur in t ho pericardium and endocardium. The 
<’acly fibrinous jm ricarditis can hr soon as a thin, nonirlistoninu. and 
easily detached layer of fibrin. As this becomes organized it adheres 
firmly to t ho epicardium and is eventually transformed into a focal, 
white area of fibrosis. In the same way tin 1 endocardial thrombus 
becomes more adherent and is irradnallv transformed into a thickened 
plaque of connective tissue which is eventually covered by endothelium. 

rein tin: fommi xts 

Discn punch s. — In this jrroup of infarcts a certain number were found 
which smiled too youn«r or too well healed for their supposed atre. A 
lew ol these discrepancies were almost too "rent to be explained at 
all, but tin* less marked ones can be accounted for by one or both of 
the following factors. 

1. The size and the location of the infarct have an influence on (he 
rate of healin". Small infarcts heal more rapidly than Inrjre ones. 
Subendocardial infarcts heal less rapidly than those in the center of 
the myocardium or beneath the epieardium. 

2. The rate of healin*r also seems dependent upon the competency 
of the remainin'; circulation. If the coronary vessels show a marked 
defrree of diffuse arteriosclerosis, with narrowin'; of their lurnina. the 
rate of healin'; will be slower than it would if the remainin'; vessels 
were essentially normal. In the same way. il the circulation in the 
myocardium is somewhat inadequate as a result of a failin'; heart or 
generalized anemia, healin'; probably will not be so rapid and efficient 
as when adequate collateral coronary circulation is present. 

In the cases in which there were "renter discrepancies, we can only 
assume either that the history was inaccurate, or that two or more 
infarcts were present in the heart and that the microscopic sections 
were taken only from the one which had caused no definite symptoms. 

I’mnparison of Hailing of Kxjn rinu nlal and Hitman InfarrH. — The 
process of heal ill" of myocardial infarcts in man is very similar to that 
of the experimental lesions in the do"’s heart, as described by Karsiier 
and Dwyer.' 1 Hemorrhage seems to be somewhat more prominent in 
the experimental lesions, and the only pigment found in them is hemo- 
siderin. This is explainable on the "round that one would expect 
little or no waste piirment to be present in the heart of a vomi" and 
healtliv do". A foreign-body trianf cell react ion around necrotic 
muscle fibers is present in the experimental infarcts This is rarely, 
if ever, seen in the human lesion. 

Outside of these rather minor features, the chief difteienoe is in 
the rate of healiii" of the infarcts On the whole, the experimental 
lesions heal more r.ipidh than those seen in man. Si"iis of blood- 
% essel and eotui! ctive. tissue proliferation are found at the end ot 
fort v-ei"ht bouts in the do" and not until ninety-six bouts in man. 
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After eighteen clays the experimental lesions are fairly ivell con- 
tracted and fibrosed, although remnants of necrotic muscle are still 
found at a much later date. In the human infarcts considerable 
necrotic muscle is still likely to be present after three weeks, and 
collagen, although present in some degree, is not as yet a very promi- 
nent feature. 

The rate of healing of the experimental lesions is very similar to 
that in man when the human infarcts are small and the remaining 
myocardial circulation is in good condition. That human infarcts are 
likely to be larger is obvious when one considers that the wall of the 
left ventricle of a dog rarely measures over 6 mm. in thickness, 
whereas in human hearts, particularly the hypertrophied ones from 
patients who had had hypertension, the left ventricular wall is from 
1.5 to 2 cm. thick. Also, the remaining intact coronary circulation is 
much more likely to be wholly normal in the dog. These two factors 
probably explain the difference in the speed of healing. 

One feature which is observed both in the experimental and in the 
human lesions may have some clinical significance. This has already 
been mentioned; it is the fact that there is always a thin layer of 
surviving myocardium along the endocardial surface, extending into 
the myocardium along the Thebesian veins. As this is less than half 
a millimeter in thickness, it probably plays no significant role in pre- 
venting rupture, but when one remembers that many of the finer 
branches of the conduction system lie in this region it does perhaps 
explain why cardiac arrhythmias are comparatively rare in cases of 
myocardial infarction. 

This observation is also of interest when considered in relation to 
the formation of intracardiac thrombi on the endothelium over the 
infareted area. Even when well-formed thrombi are beginning to 
undergo organization, a thin layer of surviving myocardium can 
usually be found lying between the thrombus and the infareted myo- 
cardium. Although one cannot make out a definite layer of endo- 
thelial cells beneath such thrombi, it would seem logical to believe 
that its disappearance was more likely to be the result of the thrombus 
formation than the cause of it. It does not seem probable that spe- 
cialized cells such as cardiac muscle fibers should survive ischemia, 
while unspeeialized endothelial cells should not. Also, along the 
Thebesian veins, where a thin layer is also spared, but where thrombus 
formation rarely occurs, both muscle and endothelium survive. There- 
fore, it would seem more logical to interpret the thrombus as a result 
of local dilatation of the heart plus stagnation of the blood in this 
■ area, than as a reaction to the necrosis of the endothelium. 

Cardiac Rupture .— The problem of the time of rupture of an in- 
farcted myocardium is important. From a theoretical standpoint, sev- 
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oral .factors seem to be of significance. Necrotic tissue is undoubtedlv 
less resistant than viable tissue. Therefore, rupture Mould be ex- 
pected to occur when necrotic tissue is most abundant and before any 
decree of replacement by connective tissue and blood vessels has oc- 
curred. Histologically, necrotic tissue is most prominent from the 
second to the sixth day. The influence of polymorphonuclear leuco- 
cytic infiltration is difficult to judge. It may tend to reduce the 
resistance of the necrotic tissue by enzymatic digestion of portions of 
it. If it does produce such an effect, it would reach its maximum 
between the fourth and sixth days. 

Another factor of importance in this connection is the intraventricu- 
lar pressure. The higher this pressure, the more likely rupture is to 
occur. When the valves are normal, the intraventricular pressure is 
dependent on the pressure in the peripheral circulation; valvular ab- 
normalities. particularly aortic stenosis, will, per se, cause it to he 
high. A preceding hypertension is common. It was present in more 
than one-third of the eases reported by Levine. 3 The same author 
states that a drop in blood pressure usually occurs at the time that 
infarction takes place, or soon thereafter, and that the blood pressure 
does not usually return to as high a level as before, but that in some 
instances the blood pressure may rise again a few days after the in- 
farction. 

In our eight cases of cardiac rupture the blood pressures after in- 
farction were as follows: 17.1/00. 150/100, 1-J0/S0. 110/00. 110 71. 
110/70, 00/70, 00/50. Tt is interesting to note that the only ease in 
this group in which aortic stenosis was associated with iniarction and 
rupture was the last. 

After consideration of all of these more or less theoretical aspects, 
the optimum time for rupture to occur seems to be some time within 
the first ten days after myocardial infarction. 

In our series, the ages of the infarcts at the time of rupture mch 


the following: 

1 day I 

2 days 1 

1 days 1 

(i days - 

7 days 1 

fl days I 

12 days 1 


The group is. of course, too small to allow extensive conelu-mm-. 
From Levine s monograph one can take eight or nine additional eaves 
In his series of forty-seven autopsy cases, rupture occurred m nm>\ 
Calculating the age of the infarcts from the histories iriven. tin* fob 
lowintr data are obtained: 
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1 day 

3 clays 

4 clays 
6 clays 

11 clays 
14 clays 

5 weeks 

Combining these two groups, a series ot‘ seventeen ruptured hearts 
is obtained, with the following- distribution : 


1 day 

2 

2 days 

1 

3 days 

2 

4 days 

1 

6 days 

4 

7 days 

1 

9 days 

1 

11 days 

1 

12 days 

1 

14 days 

2 

5 weeks 

1 


In the combined series, eleven, or 65 per cent, occurred in the first 
week, and five, or 29 per cent, in the second week. 

A group of thirty-four cases of rupture of the heart following myo- 
cardial infarction was reported by Benson, Hunter, and Manlove. 10 
They did not give sufficient data to enable one to estimate the actual 
age of the infarcts in their series, but twenty-nine are described as 
acute infarcts and four as acute infarcts superimposed on old ones; 
in one case there was dissecting rupture of an aneurysmal dilatation, 
following infarction which occurred about three months before death. 

Combining these figures, it is justifiable to conclude that if a heart 
is going to rupture after infarction, it is most likely to do so during 
the first week; it may rupture during the second week; but rupture 
after the third week is rare, and when it does happen it is usually 
the result of some complicating factor, such as a fresh infarct. 

clinical, application 

Of the greatest importance, of course, is the clinical application of 
the information that has come from this study of the speed of healing 
of myocardial infarction. We can now rest assured that in most cases 
repair proceeds steadily and in a fashion similar to that of scar forma- 
tion in other parts of the body. In a month’s time there is almost 
complete healing of small infarcts. Large infarcts require a few 
weeks longer, up to two months, to heal completely. There are rare 


1 

1 

1 

2 

1 

2 

1 
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instances in which islands of unorganized necrotie nnisele may remain 
longer, more or less as foreign bodies in the midst of myocardial sears; 
it is not likely that such unresolved lesions play much of a role, since 
they are surrounded by the thick, strong, fibrous tissue of the sear. 

The two points of difference between the healing of a myocardial 
infarct, caused by coronary disease and a traumatic lesion of muscle 
or hone elsewhere in the body are (1) that the myocardium must con- 
tinue to function during the process of repair, whereas hone, skeletal 
muscle, or ligaments are immobilized, and (2) that the blood supply 
available for the healing of the cardiac lesion may be limited because 
of widespread narrowing of the coronary arteries. Thus, although it 
is well known that a small infarct may heal completely and cause 
little or no abnormality of cardiac size, function, or reserve, despite 
the lack of all treatment, nevertheless, there is no question that the 
strain of increased heart work, or even the work of the heart at rest, 
in some eases, may be too great when the myocardial infarct is large, 
with resulting cardiac dilatation and even failure. The second point 
is probably not so significant, for apparently a rich blood supply is 
not needed to promote good healing; even in the grave eases of mu- 
series, in which the patient died relatively early as the result usually 
of the heart disease itself, and bad extensive coronary sclerosis, the 
healing of the infarct was in active swing from t lie very beginning. 

Tims, our findings support the more or less empirical custom of 
those who advise for patients with small- to moderate-sized myocardial 
infarcts, without complications, one month of rest in bed (the first 
two weeks absolutely complete), and one month of very carefully 
graded convalescence, with a third month to consolidate recovery and 
to re-establish good health both of body and mind. To advise less 
than three weeks in bed is unwise, even for patients with the smallest 
' myocardial infarcts, provided we are sure of the diagnosis; and it is 
almost equally unwise to advise prolonged bed rest in flic absence of 
complications or when the infarct is not very large, because of the 
needlessness of so doing and Ihe harm to the patient s health in gen- 
eral and to the morale and happiness of himsell and oi bis iumih. 


SUMMARY AXP CONCl.USinNS 

Srventy-two autopsy cases of myocardial intaretion. in which tin 
air" of the infarct could be accurately determined, were studied m 
on tor to ascertain the speed of healing of the infarcts. 

The characteristic gross and microscopic features of infarcts of Nat- 
ions ages are described. Necrosis of muscle and infiltration b\ poij 
morphonuelear leucocytes are the important feat tires of tin th -t 
week. IJemova! of the necrotic muscle and replacement by conuc'tiv 
tissue predominate during tin* next five weeks, beginning at about 
the second week, tin* newly formed connective tissue lay- «b»v. u in- 
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creasing amounts of collagen. This collagen gradually increases in 
amount and becomes more dense. This process reaches a maximum at 
about three months, and thereafter very little change takes place. 

Grossly, evidence of the removal of muscle fibers and their replace- 
ment by connective tissue and blood vessels can be seen in the form 
of a zone of red, depressed tissue surrounding pale brown areas of 
necrotic muscle. As healing proceeds this increases in extent, while 
the amount of necrotic muscle decreases. The increase in collagen 
causes the granulation tissue to become paler and gradually trans- 
forms if into a pale, firm, fibrous scar. 

The process of healing of human infarcts in our series was compared 
with that of experimental infarcts produced by other investigators. 

The following are the conclusions resulting from this study: 

1. The age of an infarct can be judged fairly accurately from the 
histologic picture during the first three weeks. After this the estima- 
tion is not very accurate. 

2. The speed of healing is in part dependent upon the size and 
position of the infarct and in part upon the state of the remaining 
myocardial circulation. 

3. Small infarcts are almost completely healed after five weeks. 
Large infarcts are completely healed, or undergo no further dis- 
cernible change, after two months. 

4. Rupture of the heart is most common during the first week, may 
occur during the second week, but is rare thereafter. Histologically, 
much of the necrotic muscle has been replaced by connective tissue 
by the end of the first fortnight. 

5. The healing of infarcts in human hearts is similar in most re- 
spects to that of experimental lesions in animals, except that the 
process is slower. 
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COMBINED SYPHILITIC- AORTITIS AND RHEUMATIC 
DISEASE OF THE HEART 

Report of Four Cases 

Homer Swanson, M.I). 

Nashville, Tenn. 

A LTHOUGH the combination of rheumatic disease of the heart with 
syphilis of the aorta is not extremely rare, an analysis of the avail- 
able literature up to the present time discloses less than thirty- ease 
reports. A study of these eases indicates that approximately fourteen 
are quite definitely authenticated by both, gross and microscopic ob- 
servations. These include those reported by Sager and Sohval, Cabot, 
and Lisa and Chandlee. The genuineness of the remaining cases is open 
to question because no microscopic observations were reported. There 
are five eases in unavailable foreign literature which should be in- 
cluded in this group. Sager and Sohval, 1 reviewing the literature up to 
1934, found seven reported eases of combined syphilitic and rheumatic 
disease of the heart and aorta. They presented three eases of their own. 
in which syphilitic aortitis was associated with both syphilitic aud rheu- 
matic infection of the aortic valve. These are the only- ones in which 
this particular combination was present. In Cabot's 2 series of five 
cases, syphilitic aortitis was associated with rheumatic endocarditis ox 
the various valves. Lisa aud Chandlee 3 reported six cases of syphilitic 
aortitis combined with rheumatic disease of either the myocardium or 
endocardium. In one of these, the syphilitic process involved the aortic 
valve. 

The cases of Dumas and Bnrnat and Gfailavardin and Gravier belong 
among those in which this combination has been less conclusively demon- 
strated. In Dumas and Brunat V case, syphilitic aortitis was associated 
with mitral stenosis and a chronic, cicatricial endocarditis. Although 
marked stenosis of the mitral valve was present, the lesions both in the 
aorta and mitral valve were considered to be* syphilitic. Gallavardin 
and Gravier 3 reported four eases in which syphilis of the aorta was com- 
bined with various rheumatic valvular lesions. In two cases, sy-philitic 
aortitis was associated with rheumatic disease of two or more valves, 
while in the other two the syphilitic process was combined with rheu- 
matic aortic stenosis. The microscopic findings were not reported in 
these cases. 

Because of the relative frequency of syphilitic heart disease in this 
locality, an attempt, was made to ascertain the incidence of this coni- 
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bination of diseases by a study of the autopsy material of the Vander- 
bilt Hospital. From 1 925 to 1937, 1,841 nulopsies wore performed, and 
cardiovascular syphilis of all types was found in fifty-seven instances. 
There were also thirty-five eases of active rheumatic heart disease and 
thirteen cases of inactive rheumatic heart disease. Among these, there 
were four instances of syphilitic aortitis associated with either rheu- 
matic endocarditis or rheumatic myocarditis. 

CASE REPORTS 

CASK 1 (V. II., No. 74001 ). — The patient was a 44-vear-old white woman, who 
gave no history of rheumatic fever, chorea, or syphilis. She was admitted to the 
hospital Feb. 13, 1037, with lobar pneumonia of five days’ duration. The past his- 
tory revealed that she had first experienced exertional dyspnea fourteen years before 
admission, and that this was frequently associated with attacks of knifelike pre- 
cordial pain which showed no tendency to radiate. In the preceding five years she 
had had dependent edema on several occasions. During the latter period, these 
symptoms had been fairly easily controlled with digitalis, and she had been able to 
go through a full-term, normal pregnancy without aggravation of her condition. 
However, nocturnal dyspnea had been present for two months prior to admission. 

On admission, she displayed cyanosis of the lips and nail beds, with labored 
breathing, a cough which was productive of bloodtinged sputum, and a temperature 
of 102.2° F. There were evidences of consolidation of the right middle and lower 
lobes. The point of maximum intensity of the cardiac impulse was 0 cm. from the 
midsternal line in the fifth intercostal space. The right bonier of tbc heart was 
3 cm. to the right of the midsternal line in the fifth intercostal space, and the retro- 
manubrial dullness measured 7 cm. in width. A rough, loud, systolic murmur was 
heard over the entire preeordium, but with maximal intensity over the aortic area; it 
was transmitted over the neck vessels only moderately well. In the aortic region the 
murmur was loud, rough, and rumbling. The aortic second sound was absent, and 
there were no prcsystolic or diastolic murmurs. The pulse was small in volume and 
not well sustained. The blood pressure was 12S/.S(i in both arms, and slightly higher 
m the legs. The lower border of the liver was felt one centimeter below tlic 
costal margin in the midclavicular line. There was no ascites, and the lower extremi- 
ties were not edematous. The erythrocyte count on admission was 5.02 million, with 
11.5 grams of hemoglobin. The leucocyte count was 21,5*50, 95 per cent of which 
were neutrophils. The urine showed nothing of note, and blood cultures were re- 
peatedly sterile. The blood Wassermann reaction was strongly positive. Sputum 
cultures were positive for the type IV pneumococcus. A roentgenogram of the chest 
showed marked right auricular enlargement, a very prominent aorta, and complete 
consolidation of the upper lobe of the right lung. The patient grew worse progres- 
sively, and expired seven days after admission. Clinical diagnoses: (1) lobar pneu- 
monia, upper lobe of right lung, due to type IV pneumococcus, (2) aneurysm of the 
ascending aorta, (3) rheumatic aortic stenosis, and (4) syphilis of the aorta. 

Autopsy . — The heart weighed 300 grams. As it lay in situ, there was marked 
displacement of the right border caused by a tremendous dilatation of the first 
portion of the aorta. This was entirely to the right and slightly downward, so that 
it partially overlay the right auricle. The epicardium was not remarkable, there 
were no mural thrombi, and the chambers of the heart were not dilated. Myocardial 
scarring was absent, but the wall of tlie left ventricle measured 22 mm. in thickness, 
being slightly hypertrophied. The tricuspid and pulmonic valves appeared normal 
m all respects, and, aside from a slight fibrous thickening of the leaflets, the mitral 
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valve showed nothing remarkable. On section, the aortic ring was extremely firm. 
The cusps were distorted and fused into a solid, thick, projecting, shelflikc structure, 
in the center of which was a narrow, “fish-mouthed” lumen. The attachments of the 
cusps were recognizable from the upper surface, and shallow sinuses were still present 
from which the coronary arteries arose as usual. The aortic ring measured 7 cm. in 
circumference, and the “fisli-mouthed” lumen was 1% cm. in length by 3 mm. 
in width. The shelflike cusps were 4 to 5 mm. in thickness. On the undersurface 
were several minute, irregular depressions, and when a small probe was passed 
through the largest of these it emerged on the upper surface in a small nodule of 
fibrous tissue. Immediately beyond the aortic valve the aorta expanded abruptly 
into a large, fusiform, aneurysmal dilatation, measuring 6 by S cm. At the origin 
of the left carotid artery the aneurysm abruptly ceased, and a low, ridgelike projec- 
tion marked its termination. There was no stenosis at this point. Within the aneu- 
rysm, the aortic wall was thin, irregular, and less elastic than elsewhere. There were 
fine longitudinal wrinkles just beyond the aortic valve. 

Microscopically, the left ventricular muscle was hypertrophied, and there was a 
diffuse interstitial fibrosis which -was largely perivascular. In rare instances there 
were perivascular groups of large and dark-staining cells which were suggestive, but 
not typical, of Aschoff bodies. The small arteries showed a moderate intimal fibrosis. 
A section through the aortic valve showed a diffuse, atrophic, and partially calcified 
fibrous thickening which had undergone liyalinization. Along the inner border, 
adjacent to the endocardium, there were innumerable fibroblasts and small round 
cells, as well as many tliin-walled capillaries. This portion showed organization. 
Along the outer border of the leaflet, organization had occurred in the past, but 
coagulation necrosis was present. There were no areas of acute ulceration or vegeta- 
tion, and the perivascular round-cell infiltration characteristic of a syphilitic process 
was absent. A section of the aorta through the ridge marking the termination of 
the aneurysm showed a fairly thick fibrous tissue proliferation which was partially 
liyalinized. The internal lamina was unusually thick and conspicuous, and the media 
appeared loose. There was some distortion of the elastic laminae, and a few small 
scars were present in the outer portion. The vasa vasorum showed little sclerosis, but 
the vessels along the junction of the adventitia and media were surrounded by round 
cells and plasma cells. Similar pictures were found elsewhere in the aorta. The 
anatomical diagnoses were : (1) Lobar pneumonia, right upper lobe, with extension 
to the right middle and lower lobes, (2) syphilitic aortitis with fusiform aneurysm 
of the arch and ascending aorta, (3) rheumatic aortic stenosis, inactive, with left 
ventricular hypertrophy, (4) acute fibrinopurulent pleurisy, and (5) parenchymatous 
degeneration of the liver and kidneys. 

Case 2 (V. H., No. 3155).— This patient, a 43-year-old negro, was admitted to the 
hospital Nov. 4, 1933, with acute pulmonary edema of one day 's duration. He m 
had exertional dyspnea for two years, but had not been incapacitated. enui ° 
lower extremities had been present occasionally, but this uas apparent^ cue 0 
varicosities and trophic ulcers of the feet. No history of rheumatic fe\er uas 
tained, but the patient had had a painless penile lesion twenty-six years before a< - 
mission, for which he had received no treatment. In 19-/, bilateral femora sy u 
patliectomy was done in an attempt to heal the trophic ulcers of the eet. ' a 

time, the blood and spinal fluid Wassermann reactions were strongly positive. Hi? 
blood pressure at that time was 16S/97, but there was no cardiac enlargement. 

Physical examination revealed an acutely ill negro who was sitting proppe «P in 
bed; his breathing was difficult and labored, and he had a brassy coug i v nc l 
productive of slightly blood tinged sputum. There was edema of the oner ex 
ties. The voice was hoarse and high-pitched. The cervical 'eins were isten e c . 
in the upright position, and did not collapse on inspiration. The retinal arteries 
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were tortuous, but there were no retinal hemorrhages or exudate. A tracheal tug 
was demonstrable. The pupils were unequal, irregular, and reacted sluggishly to 
light. Acute pulmonary edema was present. The point of maximum intensity of the 
apex beat was 14 cm. from the midsternal line in the sixth intercostal space. There 
were no shocks or thrills; the rhythm was normal and there were no diastolic mur- 
murs. A short systolic murmur was heard over the aortic area and the pulmonic 
second sound was louder than the aortic second. The liver was not palpably enlarged, 
but ascites was present. A roentgenogram of the chest showed a large mass in the 



ascfndintr 1 2 ' j a f, e !•— The heart and aorta, illustrating the aneurysm of the 

cusps . 5 aorta ’ and th e marked thickening, distortion, and contraction of the aortic 

hyahnizat’im? a f™ i 1- p hotom ; "rograph of aortic valve. The diffuse scarring, with 
round-cell tofltoatiorff^seen ’ S apparent In the upper Portion, a rather marked 
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upper mediastinum suggesting an aneurysm involving the innominate artery and 
aortic arcli, with marked prominence of the aortic knuckle and dilatation of the 
descending aorta. Roentgenologically, the heart was enlarged to the left. Routine 
laboratory examinations, other than the roentgenogram and including the blood 
Wasserruann reaction, showed nothing remarkable. The patient grew worse rapidly, 
and died Nov. 7, 1933, three days after admission. Clinical diagnoses: (1) Syphilitic 
aortitis with aneurysm of the arch of the aorta, (2) cardiac hypertrophy, dilatation, 
and insufficiency, (3) bronchopneumonia. 

Autopsy . — The heart weighed 370 grams and was enlarged to the left. The epi- 
cardium was not remarkable. The myocardium was streaked with fat, and there 
were several small areas of scarring. The left ventricular wall was 1.5 cm. thick; 
the auricular wall was of normal thickness. The endocardium was smooth and glisten- 
ing, but showed a few small, white scars. The tricuspid valve showed thickening and 
rolling of the edges of the valve leaflets, with a ballooning of the central portion. 
The chordae tendineae were prominently shortened and thickened. The pulmonic 
valve appeared normal grossly. The mitral valve was thickened and the edges rolled, 
so that some of the chordae tendineae, which were shortened and thickened, were at- 
tached to the upper surface of the valve leaflets. The aortic cusps sagged some- 
what; there were thickening and scarring along the line of the attachment, and the 
commissures were markedly widened. The sinus of Valsalva was widely opened at the 
orifices of the coronary arteries, but the latter appeared normal grossly. There were 
small atheromatous plaques at the root of the aorta, but, as the arch was approached, 
there was an irregular wrinkling of the intimnl surface with irregular plaques. Be- 
tween the origin of the great vessels of the neck and the subclavian artery there 
was a large sacculated aneurysm containing laminated thrombi. The aneurysm ex- 
tended upward into the neck and was intimately in contact with the trachea. The 
aorta was somewhat curved into the left pleural cavity below the aneurysm. 

Microscopically, the epicardium appeared normal, while the myocardium exhibited 
edema and scarring of moderate degree. The myocardial fibers were hypertrophied, 
and brown atrophy of many of the fibers was present. Here and there were con- 
densations of connective tissue suggestive of Aschoff bodies, but no typical cells were 
seen. The endocardium was edematous, and at one point there was a raised, fibrinous 
bundle in which blood cells and mononuclear cells were found. The coronary arteries 
showed intimal thickening of moderate degree. There was an irregularity in both 
the intima and media of the aorta caused by replacement of normal structures by 
fibrous tissue which in many instances was liyalinized. Scattered throughout the 
fibrous tissue were collections of fat, cholesterol crystals, and small collections of 
calcium. The scarring of the media almost replaced the normal structures. The vasa 
vasorum were thickened, and there was a perivascular infiltration of round cells and 
plasma cells which was very prominent. Anatomical diagnoses: (1) Syphilitic 
aortitis with aortic insufficiency and aneurysm of the arch of the aorta, (2) cardiac 
hypertrophy, dilatation, and insufficiency, (3) rheumatic mitral and tricuspid valvu- 
litis, inactive, (4) acute passive congestion of the lungs and liver, (6) carcinoid of 
the cecum with metastasis to the liver, (7) thrombosis of the middle cerebial arteiy, 
and (8) perforating ulcers of the feet. 

Case 3 (V. H., No. 67804).— The patient, a 39-year-old negro, was first admitted 
to the hospital Nov. 24, 1934. He had been well until two years prior to admission, 
at which time he developed exertional dyspnea which had been progressive. Two 
months before entering the hospital he developed nocturnal dyspnea, and had to 
spend most of the time sitting upright in a chair. It was not until tlnee dajs pnoi 
to admission that edema of the ankles appeared, and, with it, abdominal swelling be 
came apparent. In addition, he had had periods of oliguria, alternating vvit i noc 
turia and polyuria, for two months. He had had a gonorrheal infection at t le age 
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of 24, which was followed in two months l>v n chancre. He received no treatment, 
for syphilis at that time. The patient, also gave a history of repeated attacks of 
sore throat which were frequently accompanied by pains in the knees and hips. These 
attacks became apparent after the ape of 25. There was no other history suggestive 
of rheumatic infection. Ten years before admission to the hospital he was found 
to have a positive blood Wassermann reaction, and received an indefinite number of 
intravenous injections, after which his Wassermann reaction is supposed to have 
been negative. 

Physical examination revealed a well-developed negro who exhibited extreme 
orthopnea, edema of the sacrum and lower extremities, and ascites. There was a 
marked carotid and substernal pulsation, the pulse was of the water-hammer type, 
and the blood pressure was 1(50/50 in both arms. The cardiac, impulse was thrusting 
and heaving in the sixth intercostal space in the anterior axillary line. Suprasternal 
dullness was increased to the right, and the right border of t ho heart was 3 cm. 
beyond the midstcrnal line. At the apex there were a faint, systolic murmur, a 
diastolic murmur, and a rough presysfolic rumble. As the left sternal border was 
approached the systolic murmur was still heard and the diastolic murmur became 
louder, reaching its maximum intensity in the fourth intercostal space on the left, 
at which point it had a musical, cooing-dove quality. The aortic second sound was 
replaced by this murmur. There was no tracheal tug, the pupils were equal, and the 
temperature of the face was the same on both sides. The pulses were synchronous. 
Scattered moist rales were heard at the bases of both lungs. The lower border of the 
liver could be percussed but not palpated. An old penile scar was present, together 
with hard, satellite, regional lymph nodes. The deep reflexes appeared normal. 
Laboratory examination revealed a normal blood cell count, an occasional erythrocyte 
in the urine, and a 40 per cent excretion of phenolsulphonephthalein in two hours. 
The blood Wassermann reaction was positive, as was 1 lie Kahn. An electrocardio- 
gram showed left axis deviation. The spinal fluid Wassermann reaction was nega- 
tive. A roentgenogram of the chest revealed marked cardiac enlargement, particu- 
larly of the left ventricle. 

The patient was digitalized, fluids were restricted, and he was given diuretics. lie 
improved and was discharged Dec. S, 1054. Following his discharge he was able to 
carry on his normal activities with some restriction of his inode of living, and had 
no recurrence of nocturnal dyspnea until May 1, 1055, at which time he again de- 
veloped acute pulmonary edenm. The findings at this time were as before, but lie 
did not respond to therapy, and expired May .*?, 1035. Clinical diagnoses: (4) 
Syphilitic aortitis with aortic insufficiency, and (2) cardiac hypertrophy, dilatation, 
and insufficiency. 

Autopsy , — The heart weighed 700 grams and was enlarged in all diameters, par- 
ticularly to the left, and the left ventricle was hypertrophied. The myocardium 
showed an occasional small scar. Small, mural thrombi were present in the auricular 
appendages, but the endocardium appeared otherwise normal. The mitral, tricuspid, 
and pulmonary valves were thin, delicate, and competent, and measured 10 cm., 13 
cm -> 7.5 cm. in circumference, respectively. The leaflets of the aortic valve were 
rolled, the edges were thickened, and there was a wide separation of the commissures. 
The edges of the thickened and shortened leaflets were irregular and projected up- 
ward to an apex in their middle, giving the appearance of a triangle, the base of 
"hicli was at the attachment of the cusps to the aorta. The aortic ring was not ap- 
preciably dilated, but the contraction, separation, and distortion of the leaflets made 
an unquestionable insufficiency. The left auricle was hypertrophied, elongated, and 
slightly dilated. The right ventricle showed similar changes. There were wrinkling 
and puckering of the first portion of the ascending aorta and arch. Several raised, 
translucent, wrinkled plaques were present near the aortic ring; they ended rather 
abruptly just beyond the arch of the aorta, where the wrinkling and puckering were 
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most distinct. There was a slight aneurysmal dilatation of the arch of the aorta 
without definite sacculation. The coronary arteries were patent throughout, showing 
only an occasional, small, sclerotic plaque, but the process in the aorta encroached 
somewhat upon the orifices. 

Microscopically, the epicardium appeared normal, while the myocardium showed 
scarring and hypertrophy of the individual fibers. In the interstitial tissue of the 
left ventricle there were accumulations of cells with dark-staining nuclei and 
abundant purplish-pink cytoplasm. Some of these were multinucleated, and in a 
few places a giant cell was seen. There were plasma cells and round cells distributed 
about these large cells which were quite distinctive of Aschoff bodies. In the aorta, 
great accumulations of plasma cells and a few round cells were seen about the 
vessels in the adventitia and media. Many vessels had invaded the media, and there 
was scarring with a loss of elastic tissue and remarkable irregularity in all three 
layers of the aorta. The intima was thickened by fibrous tissue, and was separated 
from the media in some areas. Anatomical diagnoses: (1) Syphilitic aortitis with 
aortic insufiiciency, (2) cardiac hypertrophy, dilatation, and insufficiency, (3) rheu- 
matic myocarditis, acute, (4) acute intracapillary glomerular nephritis, (o) throm- 
bosis of the right auricular appendages, (6) multiple infarcts of the lungs, (7) 
chronic passive congestion of viscera, and (S) aortic dilatation without aneurysm 
formation. 

Case 4 (V. H., No. 3593G). — A 32-year-old negro was first seen Nov. 24, 1930, 
complaining of difficult}' in hearing, tinnitus, vertigo, diplopia, and headache. These 
symptoms had been present for five months. In addition, he had noted exertional 
dyspnea for one year, accompanied by edema of the ankles. Under treatment by 
his local physician, the dyspnea and edema subsided. During the two months prior 
to his first admission he had experienced two attacks of unconsciousness without con- 
vulsions. Five years prior to the onset of his illness he had had a painless, penile 
lesion, associated with inguinal adenopathy. There was no history suggestive of 
rheumatic fever. The positive findings on the first admission were: general lymph 
node enlargement, hyperactive deep reflexes, normal air conduction as well as bone 
conduction, but definite diminution in auditory acuity for the spoken voice. The 
vision was 20/20, and there was no papilledema or optic atrophy. A soft, blowing, 
systolic murmur was audible at the apex, but there was no evidence of cardiac 
enlargement. The blood pressure was 12G/SS. The blood Wassermann reaction was 
positive, as was the spinal fluid Wasserroann. The mastic reaction on the spinal 
fluid showed a curve of 5431000000. A diagnosis of central nervous system syphilis 
was made, and during the next two months he received six injections of bismuth and 
two injections of neoarsphenamine (0.3 gin.). 

On June 30, 1931, he was admitted to the hospital in coma. During the two weeks 
prior to admission he had had two convulsions, and, on the morning of admission, 
nine more. Coma had been present for six hours. The only positive findings on 
that admission were: rapid and deep respiration, hot and moist skin, conti acted and 
unresponsive pupils, normal fundi, many rhonclii throughout the lungs, absent deep 
reflexes, and a blood pressure of 1S6/SG. The blood sugar content was recorded as 
347 mg. per cent, and the carbon-dioxide combining power of the blood as li vol. 
per cent. The urine was normal, and the nonprotein nitrogen content of the blood 
was 30 mg. per cent. A lumbar puncture revealed bloody spinal fluid, with an 
initial pressure of 110 mm. of water. The patient expired two hours after admis- 
sion. Clinical diagnoses: (1) Diabetes mellitus, with coma, (2) syphilis of the cen- 
tral nervous system, type undetermined, (3) cerebral hemorrhage, site undetermined. 

Autopsy . — The heart weighed 360 grams and was slightly enlarged. The epi- 
cardium and myocardium appeared normal grossly. The aortic cusps were thickened, 
particularly at their points of attachment, and there was a moderate sagging of the 
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cusps, but. the commissures were not. widened. Along the line of closure of the 
mitral valve there were numerous, small, firm, raised, translucent, pinkish-gray 
nodules, varying in length up to mm. These were firmly attached to the superior 
surface of the valve and could not be torn away without tearing the cusp. They 
were not friable and did not show ulceration or other features of an acute bacterial 
vegetation. There was no rolling of the margin of the initial cusps, and the 



cui .,i^' b Case 3. — -Heart — hypertrophy and dilatation of left ventricle. The aortic 
wirW,J i thickened, and separated at their edges, and the commissures are 

nea. The first portion of the aorta shows well-defined wrinkled plaques. 

whirl 8 ’*., 5 ' Case 3. — Aortic valve — classical aortic insufficiency, with syphilitic aortitis 
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chordae tendineae were not abnormal. The remaining valves and endocardium ap- 
peared normal. The valve measurements were as follows: aortic, 7.5 cm.; pulmonic 
8 cm.; mitral, 9 cm.; tricuspid, 13 cm. At the base of the aorta there were 
numerous longitudinal wrinkles, as well as raised, yellowish plaques and pearly gray 
areas. The latter were the result of intimal thickenings, while the former were 
apparently associated with medial scarring. There was a slight dilatation of the 
posterior wall of the arch of the aorta. The lumina of most of the branches of the 
aorta were slightly constricted, and surrounded by radially arranged wrinkles. The 
intimal thickening increased toward the bifurcation, but the wrinkling disappeared 
in the upper portion of the thoracic aorta, ceasing very abruptly. 

Microscopically, the epicardium appeared normal, but scattered throughout the 
myocardium were numerous small, fibrous scars. There were no areas of acute 
necrosis, but there were several areas of perivascular cellular infiltration. The pre- 
dominant cell was relatively large, with clear, blue cytoplasm and a large vesicular 
nucleus. In these areas of cellular infiltration there were round cells and plasma cells 
in abundance, as well as an occasional polymorphonuclear leucocyte. These areas 
were typical Aschoff bodies. The intima of the aorta was thickened, and numerous 
slitlike spaces were seen within the intima. The media was the seat of profound 
changes characterized by numerous scars and many areas of perivascular round-cell 
infiltration. This same cellular infiltration was marked in the adventitia, and gave 
the characteristic picture of syphilitic involvement. Anatomical diagnoses: (1) 
Gumma of left frontal lobe, (2) syphilitic pachymeningitis and leptomeningitis, (3) 
syphilitic aortitis without aortic insufficiency, (4) syphilis of the aortic valve, and 
(5) rheumatic endocarditis, mitral valvulitis, and rheumatic myocarditis, acute. 

DISCUSSION 

The incidence of syphilitic aortitis, as determined by clinical and 
pathologic examination, has been variously estimated. Clawson and 
Bell, 6 in studying several hundred autopsies in Minnesota, found that 
syphilitic aortitis occurred in 2.6 per cent of the necropsies ; White 7 has 
estimated that syphilitic aortitis represents not more than 4 per cent of 
all cardiovascular disease in New England. In a survey of 645 cases of 
organic heart disease in Tennessee, Laws 8 found that syphilis was the 
etiologic agent in 7.9 per cent of the patients, and that rheumatic heart 
disease was present in 10.5 per cent of the cases. Prom a study of the 
autopsy material of various localities, White found that rheumatic heart 
disease with mitral stenosis occurred in from 0.08 to 3.89 per cent of all 
necropsies. The lower figure represents the incidence in New Orleans, 
and the higher figure that at a New England hospital. Of 1,841 autop- 
sies performed at the Vanderbilt Hospital, syphilitic aortitis, both 
symptomatic and asymptomatic, was found in 3 per cent, while rheu- 
matic heart disease of all types and grades occurred in 2.6 pel cent. In 
this group, rheumatic heart disease was present in 7 per cent of the 
cases of syphilitic aortitis, and syphilitic aortitis was demonstiated in 
8 per cent of the cases of rheumatic heart-disease. The incidence of 
this combination has been estimated by others. Cowan and Bennie, 0 
in a clinical study of 104 patients with syphilis of the heart or aorta, 
found rheumatic involvement in 3.1 per cent of the cases. ei , m 
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studying seventy-eight autopsy eases of cardiovascular syphilis, found 
rheumatic heart disease definitely associated in two cases, and probably 
also in a third. White stales that this combination occurs in less than 
one per cent of all cases of cardiovascular disease. That our figures are 
higher than those previously reported may be due to the fact that syph- 
ilitic aortitis occurs more frequently in this locality than in those in 
which the above cases were observed. 

The more frequent occurrence of the combined lesions among the 
negroes in our group is probably of no particular consequence, for 
forty-one of the forty-seven patients with syphilitic aortitis were negroes. 
Twelve of the thirty-five patients showing rheumatic heart disease were 
negroes. 

Various authors, in discussing the combined lesions, have suggested 
that one predisposed the heart to a subsequent infection by the other. 
Lisa and Chandlee thought that t he syphilitic process might have ren- 
dered easier the secondary invasion by the rheumatic infection in those 
cases in which the rheumatic infection occurred after the syphilitic 
lesion. Wart hiii 11 believed that latent syphilis in a young person pre- 
disposed him to secondary bacterial endocarditis, and Coombs 12 also 
thought that a syphilitic valve was disposed to secondary infection. 
Friedlander 13 stressed the frequency of myocarditis in congenital syph- 
ilis, stating that syphilitic myocardial damage may often be the only 
manifestation of congenital syphilis. This is of interest, inasmuch as 
in two of our cases, in which the rheumatic infection almost certainly 
followed the syphilitic lesion, acute rheumatic myocarditis was present 
in association with syphilitic aortitis. According to Lisa and Chandlee, 
the syphilitic process may cause an exacerbation of a low-grade, asymp- 
tomatic, rheumatic heart disease of sufficient intensity to result in its 
passage into a clinical entity. However, there is, as yet, no definite evi- 
dence of any connection between the two diseases, and our series is too 
small to permit conclusions to be drawn. 

In our series, the duration of congestive failure after the initial break 
in compensation varied from fourteen years to eighteen months. In 
Case 1, the patient lived fourteen years after the onset of exertional 
dyspnea; the rheumatic aortic stenosis was apparently the initial lesion 
and assumed the major role. The syphilitic aortitis and aneurysm of 
the aorta were secondary. The course in this case corresponded faiidv 
closely with that of uncomplicated rheumatic aortic stenosis. However, 
in the three remaining cases, the durat ion of congest ive failure averaged 
twenty-two months. This figure is much lower than the average usually 
encountered in pure rheumatic heart, disease, and slightly higher than 
hi cases of syphilitic heart disease. In this latter group the rheumatic 

esions were of secondary interest and apparently remained silent, while 

ie syphilitic process predominated and assumed its usual manifesta- 
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tions. The average duration of life after the onset of congestive failure 
was fourteen months in forty cases of syphilitic aortitis observed at the 
Vanderbilt Hospital. 

Clinically, it is often impossible to establish the diagnosis of com- 
bined rheumatic heart disease and syphilitic aortitis. In three cases in 
this series this was true, and the diagnosis was made only at autopsy. 
However, in Case 1, the presence of aortic stenosis associated with clin- 
ical and roentgenologic evidence of aneurysm of the aorta and a posi- 
tive blood Wassermann reaction made it possible to establish the correct 
diagnosis. This particular combination of the two lesions, and cases of 
aneurysm of the aorta with mitral stenosis and without aortic insuffi- 
ciency are probably the only two combinations in which the diagnosis 
can be made with certainty clinically. One may suspect the coexistence 
of the two diseases in eases in which the following clinical features are 
present: (1) aneurysm of the aorta together with aortic insufficiency 
and a presystolic murmur, (2) mitral stenosis with aortic insufficiency 
in a case in which the presystolic murmur appeared prior to the diastolic 
murmur and in which there are clinical evidences of syphilis, and (3) 
aneurysm of the aorta with a diastolic murmur in a case in which there 
is a good history of previous rheumatic infection. There are undoubt- 
edly other combinations which might be detected, but they are less cer- 
tain than the above. In cases of obscure and bizarre cardiovascular dis- 
ease in which there are a history of previous rheumatic fever and clin- 
ical evidences of syphilis, the possibility should be suspected and ex- 
cluded. This is especially true if the course of the disease is much 
shorter than is ordinarily the case with uncomplicated rheumatic heart 
disease. 

The difficulties encountered in making a diagnosis of the combined 
lesions is well illustrated by the following case. This patient, a 44-year- 
old white man, had acute, migrating polyarthritis in 1929, and some- 
time later was found to have a systolic murmur at the apex which had 
not been present at the first examination. In 1935, he contracted syph- 
ilis. In June, 1937, he developed exertional dyspnea which was rapidly 
progressive. One year later, examination revealed extreme cardiac 
hypertrophy and dilatation, an early systolic thrill limited to the aortic 
area, and a loud, high-pitched, rough, systolic murmur, followed by a 
softer diastolic murmur, in the second left intercostal space. As the 
apex was approached these murmurs were replaced by a loud systolic 
murmur, which, in turn, was followed by a late diastolic rumble. There 
was gallop rhythm at the apex. The blood pressure was 140/78, and 
the usual signs of cardiac insufficiency were present. The blood and 
spinal fluid Wassermann reactions were positive. Tins patient expired 
one year after the onset of congestive failure. At necropsy, he was 
found to have rheumatic endocarditis of the mitral and tricuspid valves 
with mitral stenosis and tricuspid insufficiency, healed bacterial endo- 
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carditis of the aortic valve which was superimposed upon what appeared 
to he a very early syphilitic aortitis with valvular involvement and also 
rheumatic valvulitis, and an inactive rheumatic myocarditis. The aortic 
valve was stenotic and insufficient, and a very extensive and destructive 
lesion was present. Two of the aortic cusps were perforated, and, 
grossly, the third resembled the typical syphilitic valve. Here, then, 
was a case in which there were both a history of rheumatic fever and 
syphilis with multiple cardiac signs and a very rapidly fatal termina- 
tion. One observer believed that the patient had syphilitic aortitis with 
aortic insufficiency, while another made a diagnosis of rheumatic aortic 
and mitral stenosis with insufficiency. The possibility of combined syph- 
ilitic and rheumatic lesions was considered. This case is not listed with 
the other four in our series because, although the man probably had 
syphilis of the aortic valve in association with the rheumatic infection 
and the healed bacterial endocarditis, the nature of the pathologic 
changes was not indisputable. 

SUMMARY 

3. The clinical and pathologic findings in four cases of combined syph- 
ilitic aortitis and rheumatic heart disease are reported and discussed. 

2. Contrary to the previously accepted idea that rheumatic heart dis- 
ease occurs rarely in the southern states, our figures show that, clin- 
ically, rheumatic heart disease occurs more frequently in this locality 
than syphilitic aortitis, and almost as frequently at autopsy. 

3. From the evidence now available, one can draw no conclusions con- 
cerning the possible interrelationship of these two forms of heart disease. 
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THE EARLIEST CORRELATION OF CLINICAL AND 
EXPERIMENTAL AURICULAR FIBRILLATION 

Malcolm Block, A.B., M.D. 

Ann Arbor, Mich. 

pIBRILLARY activity of cardiac muscle was first demonstrated by 
Hoffa and Ludwig, 1 in 1850, as a result of their attempt to produce 
tetanic contractions in the ventricles of various cold-blooded animals and 
mammals by direct faradization. The same phenomenon was produced 
by Einbrodt, 2 in 1860, and later by Vulpian, 3 who also observed that a 
similar, but generally more transient, condition could be produced in the 
auricle of the dog. However, the clinical occurrence and importance of 
auricular fibrillation were overlooked for at least twenty-five years, and 
the condition was regarded primarily as a laboratory curiosity, being 
frequently produced by direct faradization of the heart and the adminis- 
tration of various toxic and pharmacologic agents. It is true that ir- 
regularities of the pulse in man were observed and recorded by Marey 4 
as early as 1863, and later by Riegel, 5 Sommerbrodt,® Janowski, 7 and 
numerous other clinicians. These irregularities were given a variety of 
names, such as the "mitral pulse, delirium cordis, pulsus irregularis 
perpetuus, and the absolutely irregular pulse. However, they were 
neither adequately recognized as definite clinical entities, nor correlated 
with those experimentally observed in animals, such as auricular fibrilla- 
tion. Indeed, it was not until 1903 that Hering 8 definitely established 
the fact that the absolutely irregular pulse is a definite clinical entity. 
With the introduction of the electrocardiograph, Lewis 9 and Rothberger 
and Winterberg 10 ultimately proved that the majority of these irregu- 
larities observed in man were one and the same, and were the clinical 
counterpart of the experimental auricular fibrillation observed in ani- 
mals. 

The correlation between the clinical and laboratory observations was 
suggested, however, prior to the publication of the papers of Lewis and 
Rothberger and Winterberg. This earlier correlation was an outgrowth 
of the investigations of Arthur Cushny, undertaken while he was pro- 
fessor of Materia Medica and Therapeutics in the Medical School of the 
University of Michigan, at Ann Arbor. Cushny 11 states that he had been 
interested in cardiac irregularities as early as 1890. He was familiar 
with auricular fibrillation as produced in animals, both by direct fara- 
dization of the heart and by the administration of various drugs, such 
as dio.il al is, and he had frequently observed the condition in his labora- 
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torv. This led him Io wonder about the nature of the various pulse 
irregularities observed in man. In collaboration with George Dock, who 
was at that time professor of Medicine at Ann Arbor, lie was able to 
study such irregularities in man by means of the Jacquct sphygmo- 
elironograph. With this instrument he recorded the radial pulse in pa- 
tients with all of the types of irregularities of the heart which he had 
observed in his laboratory animals. In 189!) he published 11 the results 
of this work, and in this paper he pointed out the similarity of the 
clinical sphygmogram in cases of delirium cordis and that obtained from 
dogs during auricular fibrillation, and suggested that the two conditions 
might be identical. Previous to this, no writer had even faintly hinted 
at such an idea, but, nevertheless, the suggestion was entirely overlooked 
at the time. 

In 1906, and again in 1907, Cushny, 12 ' 1:1 in collaboration with Ed- 
munds, published and compared pulse tracings from a patient with 
delirium cordis and those from dogs with experimentally produced 
auricular fibrillation. With these more complete data, the suggestion 
regarding the identity of the two conditions was reiterated. This sug- 
gestion was first recognized and discussed by Wenckebach, 14 later by 
Lewis, 0 and more recently by Garrey. 15 In 1912, Lewis 10 pointed out 
that his remembrance of the original suggestion and paper by Cushny 
and Edmunds 12 finally led him to compare more closely, and finally to 
correlate, the electrocardiograms from animals with auricular fibrillation 
with those obtained from patients with an absolutely irregular pulse. In 
general, however, more recent writers (c.g., White 17 ) appear only 
vaguely aware of this contribution, and have given it scant notice. Be- 
cause this was the first correlation of the laboratory and clinical observa- 
tions, because the existence of this correlation is not more generally 
known, and, finally, because there is an important and historically in- 
teresting phase of this story that is entirely unknown, a presentation of 
the complete history of this contribution seems justified. 

On Dec. 23, 1901, Mrs. IT. IT., a 64-year-old widow, entered the Uni- 
versity Hospital, in Ann Arbor, complaining chiefly of an ovarian 
fibroid. She was sent to the Gynecology Service of Dr. Reuben Peterson 
and was successfully operated upon. At this time Dr. Charles Edmunds 
was an intern on this service, and during his routine examination of the 
patient he observed a paroxysmal irregularity of the pulse. He had 
been interested in cardiac irregularities and had previously discussed 
with Cushny the latter’s observation, made in 1899. This interest led 
him to make tracings of this patient’s radial pulse by means of the 
Jacquet sphygmograph. The resemblance of these tracings to those he 
had seen Cushny make on dogs with auricular fibrillation aroused his 
curiosity, and he had Cushny examine the patient. The original hospital 
leeords of this patient, which are reproduced here in part (Figs. 1, 2, 
and 3), substantiate these statements. Fig. 3 is a portion of the daily 
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record of the patient, indicating the clinical observation of the parox- 
ysmal irregularity of the pulse, and showing that the patient was 
examined by Cushny on Dec. 28, 1901, the day the pulse tracings were 
made. It is of interest to note the comment that the patient herself 
had noticed the irregularity previously. The pulse tracings that were 
made have been reproduced from the originals (Pigs. 4 and 5). Cushny 
compared these tracings with those secured from dogs with auricular 
fibrillation (Pig. 6). He believed that the striking resemblance con- 
stituted excellent evidence in favor of his original suggestion. 
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Pig. 1. — The first page of the original hospital record of Airs. H. H., a 64-year-old 
•widow, who entered the University Hospital Dec. 23, 1901. 


On March 12, 1902, Edmunds presented this material at the regular 
meeting of the Ann Arbor Medical Club, and in his discussion of the 
paper Cushny reiterated his belief in the identity of the clinically ob- 
served arrhythmia and experimental auricular fibrillation. He pointed 
out that in both conditions (compare Pigs. 4 or 5 and 6) there was 
not only an irregularity with respect to sequence of pulses, but also in 
their amplitude. Thus, for example, in the upper tracing of Pig. 5, if 
one considers the downstrokes after any of the first few smooth upstrokes, 
one sees many small pulses which are irregular in sequence and ampli- 
tude. A comparison with the upper tracing of Pig. 6, which was taken 
from a dog during experimental auricular fibrillation, shows the same 
thing. 
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Fig. 2. — The second page of the hospital record of Mrs. H., showing the physical 
examination as recorded by Dr. Edmunds. 



Fig- 3. — A portion of the daily progress notes kept on the patient. Note the examina- 
tion by Dr. Cushny on December 29. 
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Unfortunately, the observations presented to the Ann Arbor Medical 
Club received practically no notice. The proceedings of this organiza- 
tion were irregularly recorded in the Physician and Surgeon, a medical 
journal published in Ann Arbor for several years, but the proceedings 
of this particular meeting were omitted. The result was that the paper 
which was presented in 1902 remained buried in obscurity. However, it 
has been possible to locate the original records of the Ann Arbor Medical 
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Fig-. 4. — Pulse tracings made by means of the Jacquet sphygmograpli on December 28. 
Upper tracing was made at 1 :45 p.m., lower tracing at 2:45 p.m. 




Fig. 5. — Further pulse tracings made on December 28. Upper tracing was made at 

3:45 p.m., lower tracing at 4:45 p.m. 
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Fig. G. — Tracings from carotid of dog made by means of HUrthle's tonometer. Up- 
permost tracing made during prolonged (Hit illation. In middle tracing fibrillation was 
induced at C. In lowermost tracing there was imperfect fibrillation from A to T!, no 
fibrillation after It. 





690 


THE AMERICAN HEART JOURNAL 


Club which were kept by the secretary. A portion is reproduced here 
(Fig. 7), and confirms the facts as given. Thus it will be seen (Fig. 7) 
that a meeting was held March 12, 1902, and that, in addition to several 
other papers, Dr. Charles Edmunds presented one, entitled “A Study 
of Pulse Tracings From a Case of Cardiac Arhythmia.” In addition, 
the notation is made that Dr. Cushny discussed the paper and the accom- 
panying pulse tracings that were presented. For a knowledge of what 
was said in the course of the discussion the author is indebted to the 
excellent memory of Dr. Edmunds. In addition, we have the later state- 
ment of Cushny 18 that he had reached the conclusions stated here as 
early as 1901. 

We thus have evidence of the original and definite correlation of 
delirium cordis in man with experimental auricular fibrillation. It 
should be emphasized that this was accomplished seven years prior to the 
presentation of the final proof by Lewis and Rothberger and Winterbei'g 
that the two conditions are identical. The further history of this patient 
is of interest. As has been pointed out, the case, including the pulse 
tracings and conclusions, was finally reported in 1906, and again in 1907. 
The 1906 report 12 was rather obscure and passed unnoticed. Fox 19 
further studied and reviewed this case. The patient was seen occa- 
sionally at the University Hospital for several years. When examined 
for the last time, in 1909, her cardiac irregularity had become perma- 
nent, and eventually she showed all the evidences of the cardiac failure 
which finally led to her death. 

The author wishes to acknowledge gratefully the kind interest and valuable help 
of Dr. Arthur C. Curtis and Dr. Charles TV. Edmunds in the preparation of this 
paper. 
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THE ELECTROCARDIOGRAM IN THE AGED 

A Study of 100 Men and Women Over the Age op 70 With 
Apparently Normal Hearts 

George Levitt, M.D. 

St. Paul, Minn. 

TN TREATING a large number of aged persons in whom no cardiac 
disease is apparent, one is struck by the unexpected frequency with 
which electrocardiographic abnormalities are found. Despite care- 
ful history and physical examination, which give no indications of 
heart disease, electrocardiographic study in many instances reveals 
marked changes. The present study was made to determine the 
number of supposedly normal people in the upper age groups whose 
electrocardiograms show definite changes — changes that are com- 
monly accepted as indicative of a diseased heart. A follow-up study 
with autopsy material is not included in this paper. Willius 1 reviewed 
the electrocardiograms of 700 people over the age of 74 years. Fifty- 
five per cent had abnormal tracings. What proportion of his group 
had clinically normal hearts was not stated. Gelman and Brown 2 
studied the electrocardiograms of 121 normal children between the 
ages of 12 and 14, as compared with a group of 60 “normals” over 
the age of 61. Of the latter group, the records showed a negative 
T x and T 2 in 10 per cent, and depression of S-Tj and S-T 2 in 36 per cent 
(degree not stated). None of these changes occurred in the children. 
Their definition of “normal” was based on the absence of clinical 
manifestations of heart disease. 

MATERIAL 

The patients studied were chosen from the general medical clinic of the Uni- 
versity of Minnesota. The group included only persons 71 years of age, or over, 
in whom no disease of the cardiovascular-renal system was evident, with the ex- 
ception of the usual changes in the palpable vessels. Those selected fulfilled the 
following requirements: (1) A painstaking history elicited no symptoms of 
cardiovascular-renal disease; (2) the sensorium was clear, so that an accurate 
history could be obtained; (3) the blood pressure was not over 90 diastolic or 170 
systolic; (4) physical examination showed no cardiac enlargement or diastolic 
murmur; (5) there was no evidence of syphilis, diabetes mellitus, or cerebral or 
acute infectious disease; (6) examination of the urine showed no evidence of 
renal disease; (7) chronic bronchitis, emphysema, and bronchial asthma were 
absent. All histories were taken, and physical examinations made, by the wiiter. 
Particular emphasis was placed on the history. The subjects selected were able 
to perform such tasks as walking two miles, washing clothes, running a household, 
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or performing regular duties of a manual nature without dyspnea or a sense of 
tightness in the chest. None had attacks of nocturnal dyspnea. 

They were further questioned concerning severe attacks of painless weakness, 
with sweating, which might suggest acute coronary occlusion. All these people 
stated that they were leading an active life, but at a slowed tempo. Prostatic 
symptoms, carcinoma of the skin, chronic arthritis, and diseases of the eye were 
the presenting complaints in over 00 per cent of the cases. Sixty-four were men, 
and 36 were women. Eighty-two were in the eighth decade, sixteen in the ninth, 
and two in the tenth. 

The criteria of an abnormal electrocardiogram were: R-T or S-T segment ele- 
vated or depressed more than .1 mm. in relation to the isoelectric line; T waves 
diphasic, isoelectric, or inverted in Lead I or II, or both ; QRS interval longer than 
0.10 second; presence of a Pardee Q„. Auricular fibrillation, P-wave changes, and 
alterations of the P-E interval were not included. 

RESULTS 

Twenty-six of these patients, sixteen men and ten women, showed 
an abnormal electrocardiogram, according to the above criteria. These 
abnormalities are summarized in Table J. The incidence in the various 
age groups will be seen in Table II. The sex incidence is essentially 
the same as that in the entire group. In the remaining seventy-four 
cases, premature beats were present in twenty-three, left axis devia- 
tion in fifty-nine, and right axis deviation in two. 

COMMENT 

It is well known that changes in the ventricular complex are not 
always identified with a diseased myocardium ; also, myocardial dis- 
ease is sometimes found when the tracing is normal. However, the 
electrocardiogram is invariably altered in the presence of severe heart 
muscle damage. 3 Consequently, the pronounced changes found in 
26 per cent of our patients should be interpreted with the fact in mind 
that in rare instances the electrocardiogram is at variance with 
demonstrable heart lesions. 

The frequency with which myocardial changes remain symptomless 
is Avell appreciated. In a series of articles devoted to the pathology 
of old age, Aschoff 4 cites the frequency of sudden death from coronary 
disease in old people who had boasted, “My heart is the healthiest 
organ in my body.” Aschoff further states that the usual changes in 
senility, namely, brown pigmentation, increase in connective tissue, 
and fat deposits in the conduction system, are without effect on the 
electrocardiogram. Nathansoir’ reported a series of cases of coronary 
sclerosis in 37 per cent of which there was normal blood pressure, the 
heart was normal in size, and there was no cardiac insufficiency. 
Nathanson did not indicate how many of this group gave a history 
suggestive of coronary disease. 

The frequency of asymptomatic coronary disease in the aged was 
Pointed out by Gorham and Martin,® whose study revealed an increase 
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Table I 


Details op tiie 26 Cases in Which the Electrocardiograms Were Abnormal 


CASE 

NO. 

AGE 

SEX 

ADMISSION DIAGNOSIS 

electrocardiographic CHANGES 

8 

77 

F 

Cataract 

T, isoelectric. 

Low voltage- — L. axis deviation. 

9 

1 3 

i\r 

Carcinoma of the face 

T, and T„ inverted. 

L. axis deviation. 

.2 

72 

u 

Bladder stone 

T, isoelectric. 

L. axis deviation. 

4 

80 

3VI 

Tumor of eyelid 

QRS 0.14. QRS notched and slurred. 
L. axis deviation. 

IS 

71 

U 

Tumor of face 

QRS 0.14. QRS notched and slurred. 
Low voltage. 

19 

81 

F 

Cataract . 

QRS 0.12. L. axis deviation. 

Pardee Q 3 . 

24 

74 

M 

Inguinal hernia 

T, negative. 

Auricular fibrillation. 

L. axis deviation. 

26 

72 

F 

Chronic hyp. arthritis 

S-T, and S-T. depressed. 

T, isoelectric. 

32 

75 

F 

Chronic hyp. arthritis 

S-T, depressed. L. axis deviation. 

Tj isoelectric. 

35 

76 

F 

Cataract 

Tj isoelectric.' 

QRS 0.12. 

36 

76 

ar 

Benign hypertrophy 
prostate 

QRS 0.14. L. axis deviation. 

37 

77 

]\r 

Ca. stomach 

Tj isoelectric. L. axis deviation. 
Auricular fibrillation. 

44 

7S 

M 

Benign hypertrophy 
prostate 

QRS 0.12. 

Low voltage. 

31 

75 

F 

Carcinoma of the face 

QRS 0.14. Rt. axis deviation. 

53 

71 

F 

Glaucoma 

S-T, and S-T. depressed. 

Tj and T. diphasic. 

L. axis deviation. 

59 

79 

M 

Chronic dermatitis 

Right bundle branch block. 

64 

73 

M 

Benign hypertrophy 
prostate 

S-T, depressed. 

T, inverted. L. axis deviation. 

66 

87 

F 

Cataract 

QRS 0.12. 

S-T, elevated. L. axis deviation. 

72 

91 

F 

Cataract 

T., and T.. inverted. 

Rt. axis deviation. 

73 

71 

M 

Carcinoma of the face 

S-T, and S-T, depressed. 

L. axis deviation. 

78 

71 

F 

Cataract 

S-T, and S-T. depressed. 

L. axis deviation. 

S4 

SI 

M 

Benign hypertrophy 
prostate 

Lt. bundle branch block. 

S6 

76 

HI 

Benign hypertrophy 
prostate 

T, inverted. 

L. axis deviation. 

87 

S5 

M 

Cataract 

QRS 0.14. QRS notched and slurred. 

91 

71 

M 

Carcinoma of lip 

Isoelectric T,. 

Inverted T.. 

Auricular fibrillation. 

93 

76 

M 

Benign hypertrophy 
prostate 

T, isoelectric. 

S-T, depressed. Rt. axis deviation. 
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Table II 


Age Distribution, by Decades, of Subjects With Abnormal Electrocardiograms 



AGES 

CASES 

ELECTROCARDIOGRAPHIC 

CHANGES 

PER CENT 



71-80 

82 

21 

27.6 



81-90 

16 

4 

25.0 



Over 90 

(91 and 93) 2 

1 

50.0 



in the number of painless coronary syndromes with advancing years. 
They found that painless occlusion and infarction are likely to result 
from slowly progressive fibrotie narrowing of the coronary vessels. 

It is interesting to contrast the electrocardiographic findings in this 
old-age group with those in another group in which the ages ranged 
from 20 to 35. Shipley and Halloran 7 studied 200 normal men and 
women in the latter age group, using the same careful basis for selec- 
tion as in the present series. Their subjects had normal blood pres- 
sure readings, normal physical findings, no histoiy of cardiorenal dis- 
ease, and good tolerance to exercise. The marked electrocardiographic 
changes occurring in 26 per cent of our aged subjects were not found 
in a single instance in this group of 200 younger people. 

There is sufficient evidence that changes in the electrocardiogram 
take place normally in the ageing heart. These changes include a 
tendency for the action current to become more horizontal, for the 
voltage to decline, and for the T waves to be lowered, and toward an 
increase in the duration of the QRS and P-R intervals. 8 These mod- 
erate changes in the electrocardiographic pattern may or may not in- 
dicate lesions in the heart. The profound alterations which were found 
in 26 per cent of our cases cannot be regarded simply as a part of the 
process of senescence. It is believed proper to assume that they rep- 
resent some abnormality of the heart. If a routine electrocardi- 
ographic study were made on aged patients who have no symptoms or 
signs of cardiac disturbances, it would be possible to recognize the 
fact that approximately one-fourth of them have heart disease. 

SUMMARY 

An electrocardiographic study was made on 100 men and women 
who, in so far as could be ascertained by a careful history and phys- 
ical examination, had no heart disease. Eighty-two were in the eighth 
decade, sixteen in the ninth, and two in the tenth. Sixty-four were 
wen, and thirty-six were women. Twenty-six per cent showed dis- 
tinct electrocardiographic abnormalities. It is evident from this 
study that approximately 25 per cent of apparently healthy men and 
women over the age of 70 probably have considerable myocardial 
damage. 
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NICOTINIC ACID: ITS ACTION ON THE PERIPHERAL 
VASCULAR SYSTEM 

Roy J. Poi'Kix, M.l). 

Los Axc.klks, Calif. 

N ICOTINIC acid and its compounds have been used successfully in 
the treatment of canine black tongue, ’ pellagra, 2 ' 5 and high- 
tone deafness/ 1 Observers have been unanimous concerning the oc- 
currence of a sensation of heat and Hushing following the use of this 
drug. Tn each case, the reaction was of short duration, occurred 
within a few minutes after the ingestion of as little as 30 mg., and 
disappeared within thirty minutes. .Spies, Bean, and Stone 3 found, 
in the majority of their cases, that this reaction coincides with an 
actual increase in the surface temperature of the face and neck, and 
a decrease in the temperature of the hands and feet. 

In view of this apparent action on the peripheral blood vessels, the 
possibility that the drug might be used in the treatment of peripheral 
vascular diseases was investigated. 

Fifteen adults were given SO to 120 mg. of nicotinic acid by mouth. The ef- 
fect on surface temperatures, oscillometer readings, pulse and respiratory rates, 
oral temperatures, and blood pressure was observed before, and from ten to thirty 
minutes after, the ingestion of the drug. The observations were made under 
standard conditions, after the subjects had rested for forty five to sixty minutes 
in the recumbent position in a room hept at a constant temperature (70° F.). The 
body weights were all within normal limits. None of the subjects was acutely 
ill. There were nine women and six men in the series. Of these, four were nor- 
mal; three had thromboangiitis obliterans; three, arteriosclerosis obliterans; one, 
essential hypertension; one, menopausal syndrome; and three, vasospastic dis- 
orders. 

There were no prolonged untoward effects in any of the cases. 
Flushing and a sensation of heat, when the}' occurred, appeared in 
from seven to ten minutes, and disappeared within thirty minutes; 
they were more severe and lasting with the larger doses of the drug. 
Jransitory tingling of the face and ears, itching, a sensation of heat 
°ver the arms and back, and slight dizziness were noted occasionally. 
Uierc was no appreciable effect on blood pressure except in two cases, 
•H which it was markedly lowered. In no instance was it raised. 
Respiratory and pulse rates and oral temperatures varied slightly. 
1’i'om the tabulation it can be seen that, regardless of the amount of 
the drug and the condition of the patient, surface temperatures were 
^ ery in constant. Reddening and flushing of the skin may occur with 

of *' 10 Department of Peripheral Vascular Diseases, Outpatient Clinic. Cedars 
Lebanon Hospital, Los Angeles, Calif. 

Received for publication June 17, 1039. 
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49 M 120 mg. Thromboangiitis Face increased 0.5 to 0.0° All decreased 0.2 to 2.0 div. Face flushed, 

obliterans. (Lum- C. Fingers increased 1.1 points (Fig. 4). 

bar sympathectomy to 2.0° C. Toes increased 

8 years previously.) 0.1 to 1.0° Cent. 
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either an increase or decrease in surface temperature, with or without 
the sensation of warmth. In Cases 7 and 14 the face became red and 
flushed, but the surface temperature decreased, and the sensation was 
one of cold. The amplitude of the oscillometric tracings diminished 
in the majority of the eases, particularly when large doses of the 



Fig. 1. — Graphs I. Upper chart : left calf and ankle at rest. Lower chart : la 
minutes after 80 Mg. nicotinic acid. Marked reduction of amplitude of tracing from 
first reading in calf. Subject was a normal woman, 20 years old. _ cn 

Graphs II. Upper chart: right arm at rest. Lower chart: 10 minutes after so 
Mg. nicotinic acid. Blood pressure dropped from 225/113 to 160/95, as shown in the 
tracing. Subject was a GO-year-oId man, suffering from hypertension and arterio- 
sclerosis obliterans. 


drug were used. The diminution varied from slight to marked in 
eleven of the thirteen cases in which tracings were recorded. These 
changes were not absolutely consistent. In two cases there was a 
definite increase in amplitude. Untoward reactions, while alarming in 
one subject (Case 12), were of short duration. One subject (Case 14) 
was rendered extremely uncomfortable by chills and a fall of body 
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temperature. In all of the subjects the effects of Hie drug had disap- 
peared completely within thirty to forty minutes. In many instances 
the peak of the reaction was very short, lasting less than ten minutes. 


he 


JST 



It mim.t'A '5 .HI? Upper clmrt: right calf and ankle at rest. Lower chart: 

i i er *0 nicotinic acid. Generalized reduction in amplitude. Patient 
tremities r ’ J enrs olll > suffering from severe Raynaud’s disease of the lower ox- 

i V PI 12r . c * lart : l°ft calf at rest. Lower chart: 1.1 minutes after 100 
was a m,!„ c ,r C< ’ ^hls was one case In which increased pulsation occurred. Patient 
rrmn ’ years old, suffering from thromboangiitis obliterans. 


COMMENT 

^ Ihe discordant results are difficult to explain. Other observers 3 ’ 1 
'e noted surface-temperature changes, cardiovascular and gastro- 
intestinal symptoms, substcrnal oppression, and pruritus or other skin 
manifestations. They have attributed some of their findings to a 
mtamine or a parasympathetic action of the nicotinic acid. The dis- 
coidant results of this study may have been due to individual dif- 
ei ences in susceptibility, to variations in the rate of absorption of the 
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drug from the gastrointestinal tract, and to the fact that the observa- 
tions, especially the surface temperature measurements, were made at 
certain arbitrarily selected times. 

Although it is difficult to reconcile the decreased oscillometric 
readings and the occasional marked fall in blood pressure with a 
parasympathetic effect, a histamine 7 action does apparently account 
for most of the phenomena observed. Many unrelated substances 



Pig. 3. — Graphs V. Upper chart: right calf at rest. Lower chart: 15 minutes 
after 120 Mg. nicotinic acid. „ __ . . 

Graphs "VI. Upper chart: left ankle at rest. Lower: 15 minutes alter I/O s- 
nicotinic/ acid. 

All pulsations were reduced in amplitude. These recordings were from the s 
subject, a normal woman, 32 years of age. 


give this reaction. They include tissue extracts, secretin, peptones 
and other products of protein cleavage, blood serum, and bacterial 
products. It also occurs in traumatic shock. Histamine causes a con- 
traction of smooth muscle regardless of its innervation, and an in- 
creased permeability and dilatation of the capillary bed. This action 
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is clearly apparent in the majority of the cases observed, and occurs 
even after sympathectomy (Case 15). Substernal oppression may be 
the result of coronary artery constriction, although electrocardio- 
graphic tracings have been reported to show nothing abnormal. 3 The 
lowered surface temperature observed when the skin is flushed and 
red may be due to stasis of blood in the engorged capillary bed. A 
further pharmacologic action of histamine is an initial stimulation 



4 -— Graphs VII. Upper chart: left calf at rest. Lower: 15 minutes after 
Mg. nicotinic acid. 

G/ a Phs VIII. Tracings from right calf, before and after nicotinic acid, in the 
4 Q foalvidual. All pulsations are reduced in amplitude. Patient was a man, 
svrr?A*u S ? r4, suffering from thromboangiitis obliterans. He had had a lumbar 
sj mpathectomy eight years previously. 

°f the gastrointestinal tract, followed by a relaxation. This may ex- 
plain the nausea, vomiting, belching, and other gastrointestinal symp- 
toms reported by most observers. Spies, et al., 3 injected nicotinic 
a «d intracutaneously in normal subjects, thereby obtaining wheals 
mid pruritus which were similar to those produced by histamine. 
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SUMMARY 

1. Nicotinic acid, administered orally, in single doses, in the ma- 
jority of cases causes transitory flushing of the skin, tingling, itching, 
and sensations of heat, regardless of the condition of the subject or 
the size of the dose. 

2. The changes in the surface temperature of the face, fingers, and 
toes are variable and unpredictable. 

3. The amplitude of the oscillometrie tracings is diminished in the 
majority of eases, and the degree of diminution varies directly with 
the quantity administered. 

4. It is suggested that the effects of nicotinic acid are similar to 
those produced by histamine. 

5. Nicotinic acid is of little value in the treatment of peripheral 
vascular disease because it produces uncomfortable symptoms and 
arterial constriction, and because whatever favorable effects it may 
have are of very short duration. 
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THE INCIDENCE OF ORGANIC HEART DISEASE IN 
SCHOOL CHILDREN* 


Louise W. Rauh, M.D. 

Cincinnati, Ohio 

M ANY surveys to determine the incidence of heart disease in school 
children have been conducted in various parts of the United States. 
We have examined the children of the Cincinnati schools in order to com- 
pare the incidence of organic heart disease in this city with that of other 
communities. In localities where rheumatic fever is prevalent, about 
80 per cent of the children with organic heart disease have rheumatic 
valvulitis, and the remainder, congenital lesions. This ratio has been 
accepted so frequently that we believed it wise to investigate the point 
further in a community such as ours, where rheumatic fever is less severe 
than in many eastern and northern cities. 

Since a previous survey of the same type, but on a smaller scale, had 
been conducted in this city in 1927, by Benjamin, 1 we were anxious to 
observe any changes of incidence rates which might have occurred dur- 
ing the interval of 10 years. 

PROCEDURE 

During a 2-year period, beginning in the fall of 193G, the school physicians re- 
ferred for special examinations all children whom they suspected of having any 
cardiac abnormality. This group of patients was re-examined by one of four 
pediatricians, all of whom were especially interested in cardiology and were attending 
physicians to the Children’s or General Hospital cardiac clinic. The children were 
stripped to the waist and examined in the reclining and sitting positions, and in the 
standing position before and after exercise. The examination included percussion 
and auscultation of the heart, determination of the heart rate and blood pressure, 
estimation of the nutritional status, inspection of the mouth and throat, palpation 
for tonsillar lymph nodes, and observation for cyanosis and clubbing of fingers. 
Electrocardiograms, tcleoroentgenograms, and fluoroscopic, examinations were ob- 
tained in doubtful cases whenever possible. Historical data, obtained from the 
parents by visits of the school nurse to their homes, included the age at which heart 
disease was first noted, the occurrence of cyanosis or cyanotic attacks, symptoms of 
the rheumatic state, and whether the child had had a tonsillectomy, diphtheria, or 
scarlet fever. 


RESULTS 

Incidence. — A total of 85,389 children in 157 schools were examined 
b’ the school physicians during the 2-year period, and 1,782 of these 
childre n had some clinical finding suggestive of heart disease. When 

Boarn ll of S Tr Ve ?h was s P° ns °red by the Cincinnati Heart Council and the Cincinnati 
Central an< * was made possible by special contributions from the Union 

Fr t the '^ estern an d Southern Life Insurance Companies, 
and th? nllq Apartment of Pediatrics, College of Medicine, University of Cincinnati 
« the Children's Hospital Research Foundation, 
ceived for publication June 19, 1939. 
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dren attending the heart clinic at Nursery and Child’s Hospital in New 
York City. Although this clinic drew its patients from a negro district, 
only 4.6 per cent of the children enrolled as cardiac patients were 
negroes. Sutton 4 found that the percentage of negro children in the 
general pediatric clinic of Bellevue Hospital, New York City, was three 
times that in the clinic for patients with heart disease. Ash, 5 in a study 
of the records of all rheumatic patients treated in the wards or heart 
clinic, over a ten-year period, at the Children’s Hospital in Philadelphia, 
foimd that 83 per cent of the rheumatic patients were white, and 17 per 
cent were negroes, while among the total number of all patients in the 
dispensary and wards of the hospital the distribution between the two 
races was equal. 

Acquired heart disease was more common in girls than in boys (Table 
II). 

Table II 


Race, Sex, and Age Distribution 



TOTAL NUMBER 
SCHOOL CHILDREN 

ACQUIRED LESIONS 
NUMBER PER CENT 

CONGENITAL LESIONS 

NUMBER PER CENT 

lace 







White 

73,074 

191 

0.20 

140 


0.19 

Black 

12,315 

00 

0.49 

19 


0.15 

Total 

85,389 

251 

0.29 

159 


0.19 

Sex 







Male 


114 

(45.4 per cent 

SO 

(50 

per cent 

Female 



of 251) 


of 

159) 


137 

(54.0 per cent 

79 

(50 

per cent 




of 251) 


of 

159) 

Total 


251 


159 



Age 







5- 9 yr. 

23,995 

13 

0.054 

3S 


0.158 

10-14 yr. 

20,530 

75 

0.282 

40 


0.172 

15-18 yr. 

14,309 

4S 

0.333 

22 


0.153 

Total 

04,900 

130 


100 




Data in regard to age distribution could be obtained only from the 
public schools. The low incidence of acquired heart disease in the group 
under 10 years of age and the highest incidence in children of high 
school age were to be expected. 

Congenital heart disease was fairly equally divided among the race, 
sex, and age groups (Table II). 

Histories . — An analysis of the histories of the children with acquired 
heart disease indicated that 66 per cent of children with definite cardiac 
lesions had had one or more rheumatic symptoms, while only 3.6 per cent 
°f the children with doubtful lesions had had similar symptoms (Table 
HI). Negative histories were much more frequent (36.1 per cent) in the 
doubtful cases than in those in which there were definite cardiac lesions 
(8.9 per cent) . 



708 


THE AMERICAN HEART- JOURNAL 


Table III 


Histories of Children* With Acquired Heart Disease 


ACQUIRED 

HEART DISEASE 

NO. PTS. PER CENT 

possibly acquired 
heart disease 
no. pts. per cent 

Rheumatic fever (chiefly polyarthritis) 

S9 

52.3-, 


1 

1.2 

Chorea 

9 

5.2 


o 

2.4 




y 66.0 


Rheumatic fever and chorea 

10 

5.8 




Chorea and growing pains 

4 

O o J 

mJ .( > 

_ 

_ 

Growing pains only 

17 

10.0 


14 

17.2 

Tonsillitis onlv 

9 

5.2 


12 

14.S 

Scarlet fever 

C 

O 

0.0 


7 

8.6 

Heart disease noted following infections, 






such as grippe and pneumonia 




o 

2.4 

History negative 

15 

S.9 


29 

36.1 

TCo history available 

11 

6.4 


14 

17.2 

Total 

170 



81 


Interesting to note in the histories of the children 

with congenital 

heart lesions is the fact that in about 

55 per 

cent the condition was noted 

at birth or during the first two years of life, and that in 24 per 

cent the 

condition was not detected until school age 

(Table IV). 



Table IV 





Histories of Children With 

Congenital Heart Lesions 


TIME HEART DISEASE WAS NOTED 

number 

OF CHILDREN 


PER CENT 

At birth 


2S 



29.4 

Between first month and second vear 


24 



25.2 

During third year 


5 



5.3 

During fourth year 


5 



5.3 

During fifth year 


10 



10.5 

After fifth year 


23 



24.2 

Total 


95 




JSTo history available 


36 




Total 


131 





Economic Levels . — It was possible to group the children with acquired 
heart disease into four economic levels, according to small census tracts 
which have been outlined in this city. Group one had the lowest eco- 
nomic status, and group four the highest. A total of 146 cardiac chil- 
dren, 10 to 19 years of age, was compared with the total population of 
the same age in the respective economic locations, employing the figures 
of the 1935 census. The mean incidence rate of acquired heart disease 
for the entire group was 0.20 per cent, and the probable error was 
± .029. 'When we consider the individual groups, it is obvious that the 
incidence rates at the two lowest economic levels were significantly high, 
that the rate for the group with the highest economic status was sig- 
nificantly low, and that that of the third group falls so close to the stand- 
ard deviation that it is probably not significant (Table VIII). 

Anatomic Diagnoses . — Of the 170 children with acquired heart disease, 
68 per cent had mitral insufficiency alone. A diagnosis of mitral insuf- 
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ficiency was made oil the basis of a systolic murmur at the apex trans- 
mitted toward or into the axilla, and persisting or increasing in intensity 
on change of position from the reclining to the erect position and after 
exercise. In none of these patients was a diastolic murmur present. A 
list of all of the diagnoses is given in Table V. 

Of the 131 children with congenital heart disease, even with the aid of 
fluoroscopy and electrocardiography, an anatomic diagnosis was impos- 
sible in thirty-two. Patent ductus arteriosus was diagnosed in 25.1 per 
cent of the eases, and interventricular septal defects in 38.1 per cent. 
The latter group represents those cases in which a fairly rough, long, 
loud, high-pitched systolic murmur was heard over the precordium, 
loudest in the third or fourth intercostal space just to the left of, or over, 
the sternum, with or without the accompaniment of a thrill. It is quite 
possible that in some instances this anatomic diagnosis was incorrect. Of 
the children with congenital lesions, cyanosis was slight in eight in- 
stances, moderate in five, and marked in six. 

Medical Care . — The type of medical care of 413 children (excluding 
those with premature contractions) is shown in Table VII. There were 
39.0 per cent, who were under the care of private physicians, 9.2 per cent 
who had received no medical attention at the time of the survey, and the 
remainder tvere being observed and treated in heart clinics or special 
schools and institutions. 

Table V 


Anatomic Diagnoses in Children With Acquired Heart Disease 



NUMBER 

Mitral insufficiency 

116 6S% 

Mitral stenosis 

2 

Mitral insufficiency and stenosis 

15 

Mitral insufficiency and probably stenosis 

7 

Mitral insufficiency and aortic insufficiency 

9 

Mitral insufficiency and aortic stenosis 

1 

Mitral insufficiency and stenosis and aortic insufficiency 

Aortic insufficiency 

Aortic insufficiency and stenosis and possibly mitral insufficiency 

5 

8 

and stenosis 

3 

Mitral insufficiency and stenosis and aortic stenosis 

1 

Intraventricular block 

1 

Mitral insufficiency and stenosis and tricuspid insufficiency 
Itlieumatic heart disease — anatomic diagnosis not known 

1 

(refused examination) 

1 

Total 

170 


Control Study . — At the completion of the survey it was felt that some 
further study of the validity of our statistics should be attempted. For 
this purpose an elementary school representing a fair cross section of 
economic levels was chosen, and the four special clinicians examined 

ever y child in the school, from the kindergarten class through the eighth 
grade. 

Of a total of 709 children examined, four tvere found to have definite 
S1 gns of organic heart disease, and five others had to be classified as liav- 
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Table VI 


Anatomic Diagnoses in Children "With Congenital Heart Disease 





NUMBER 

PER CENT 

Dextrocardia 



2 

1.5 

Dextrocardia and pulmonary stenosis 


1 

o.s 

Interventricular septal defect 


50 

38.1 

Interventricular septal defect and possibly heart block 

1 

O.S 

Patent ductus arteriosus 


33 

25.1 

Patent ductus and rheumatic heart disease — mitral insufficiency 1 

0.8 

Septal defect and patent ductus 


2 

1.0 

Aortic stenosis 



1 

o.s 

Pulmonary stenosis 



7 

5.3 

Pulmonary stenosis or 

patent ductus 


i 

O.S 

No diagnosis 



32 

24.4 

Total 



131 



Table VII 





Medical Care of 413 Children 




PRIVATE 

NO 

CONDON* 

FREE 


PHYSICIAN PHYSICIAN 

SCHOOL 

CLINICS 

Acquired 

42 

12 

2S 

SS 

Congenital 

65 

S 

19 


Possibly acquired 

40 

12 


29 

Possibly congenital 

15 

6 


7 

Unclassified 



2 

1 

Total 

162 

3S 

49 

164 

J 

Per cent 

39.0 

9.2 

oi.S 


‘Special school for handicapped children. 


Table VIII 

Morbidity Bates in Acquired Heart Disease in the School Survey, Classified 
According to Economic Status of the Population 


ECONOMIC STATUS 

CHILD POPULATION 

10 TO 19 Y'EARS 

OF AGE 

PATIENTS 

10 TO 19 YEARS 

OF AGE 

PER CENT 

Group 1 (lowest level) 

19.4S1 

62 

0.32 

Group 2 

13,501 

4S 

0.26 

Group 3 

17,9S7 

26 

0.14 

Group 4 (highest level) 

15,S43 

10 

0.063 


ing “possible organic heart disease” (Class E). "When the figures of 
incidence in this group were compared with those of the entire survey, 
the statistical analysis indicated that the incidence of organic heart dis- 
ease in the control sample was not significantly greater than that in the 
entire survey, but a significantly greater number of children with “pos- 
sible heart disease” were uncovered in the control sample than in the 
general survey. It is possible, therefore, that the incidence of border- 
line cases, classified as £ ‘ possible heart disease, ’ ’ in our general survey is 
too low. The school physicians in their routine examinations of children 
may have overlooked some of the minor cardiac defects. This may per- 
haps be explained by the following facts: (a) the school examinations 
have, until recently, been made with the children’s clothes loosened, but 
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Table IX 

Incidence op Heart Disease in School Children op Other Cities 
(Reports Arranged in Chronological Order) 



TOTAL SCHOOL 
POPULATION 
EXAMINED 

ORGANIC HEART RHEUMATIC HEART 
DISEASE DISEASE 

PER CENT PER CENT 

New York City, 19156 

278,174 

1.50 


New York City, 191S 7 

250,000 

1.60 

1.28 * 

New York City, 191S to 22” 

1,336,343 

1.39 

1.112* 

New York City, 1921 s 

44,000 

0.50 

0.40 * 

Chicago, 1923r 

158, S26 

0.90 

0.720* 

Philadelphia, 19249 

23,671 

0.63 

0.504* 

Chicago, 1924 7 

153,671 

1.50 

1.20 * 

Chicago, 1925 7 

130,260 

1.70 

1.36 * 

Boston, 1927io 

Philadelphia, 1929” 

Florida, Illinois and 

119,337 

0.52 

0.45 

10,333 (B) 

0.91 

0.76 

Missouri, 1929 12 

17,974 

1.00 

0.80 * 

Cincinnati, 1927 1 

0,960 

0.37 

0.296* 

Rochester, Minn., 1931 13 

1,328 (A) 

0.70 

0.560 

New York City, 1931” 

New Haven, 1934 15 

2,691 (C) 

1.10 

0.88 * 

Grade 

Children 

(Systolic Murmur) 


"Better School’ ’ 1 

1,144 

1.32 

1.05 * 

5 

1,123 

1.42 

1.13 * 

"Poorer School” 1 

1,863 

1.93 

1.54 * 

5 

Philadelphia, 1937io 

1,628 

2.08 

1.6S * 

(Elementary) 

33,293 

0.50 

(E) 0.30 

(F) 0.12 


(High School) 

9,154 

0.90 

(E) 0.40 

(F) 0.20 


New Mexican Indians, 1937” 

1,019 


0.50 

Northern Indians, 1937” 

688 


4.50 

San Francisco, 193S” 

13,338 

0.37 

0.22 

Cincinnati, 193S 

S5,3S9 

0.36 
(E) 0.12 

0.20 


•Rheumatic heart disease computed as 80 per cent of all organic cases. 

(A) Ages 11 to 20 

(B) Ages 6 to 18 

(C) Ages 14 17 

(E) "Possible heart disease - ’ 

(P) "Potential heart disease.” 

not removed, (b) the examinations have been made with the children in 
the standing position only, and (c) it is possible that insufficient atten- 
tion lias been paid to the heart in routine school examinations. It must 
he remembered, also, that the four clinicians participating in this sur- 
vey were pediatricians with special training in cardiology, who were 
looking for abnormal cardiac signs, and were able to examine each child 
with extreme care. 


COMMENT 

In many of the school surveys of this type, no attempt has been made 
to divide the cases of organic heart disease into acquired and congenital 
groups ; it was simply assumed that 80 per cent of all organic heart dis- 
ease was rheumatic in origin, regardless of geographic location. These 
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figures were derived from tfie examination of children in the second 
decade of life who were living in the eastern part of the United States, 19 
and have been applied unjustifiably to conditions in other localities. This 
proportion of 80 per cent rheumatic heart disease does not hold true 
among the school children of Cincinnati, where only 55 per cent of the 
cases of organic heart disease could be classified as acquired, or rheu- 
matic, in origin. The statistics from San Francisco, 18 where 65.0 per 
cent of the organic heart disease of school children was found to be rheu- 
matic in type, corresponded most closely to ours. 

The variation in the statistics from other localities is evident (Table 
IX). The results depend upon the examiners, the age of the children 
examined, the economic status of the children, and the climate or locality 
in which the children live. For example, the Boston survey 10 was car- 
ried out in much the same way as ours, with cardiologists as the special 
examiners. The comparatively low incidence of organic heart disease 
found (0.52 per cent) is of interest. In the New Haven survey, 15 the 
higher incidence of acquired heart disease in the “ poorer school” is well 
illustrated. In the Philadelphia survey 10 of 1937, the higher incidence of 
acquired heart disease among the high school students was considerable. 
The difference in incidence of acquired heart disease which depends on 
climate is illustrated in the survey carried on among the New Mexican 
and Northern Indians. 17 The incidence among the Northern Indians was 
nine times higher than that among the New Mexican Indians. Our 
figures agree closely with those of the survey previously carried out hi 
this city, 1 except in respect to etiology. In the previous study, acquired 
heart disease had been assumed to constitute 80 per cent of all organic 
heart disease in children in the second decade of life. 

SUMMARY 

1. Of a total of 85,389 children, 5 to 19 years of age, who were ex- 
amined by school physicians, 1,782 were suspected of having heart dis- 
ease. 

2. Re-examination of this group of 1,782 by a group of pediatricians 
indicated that 449 (0.53 per cent of the total school population) had 
organic lesions, and 700 others had functional or accidental murmurs. 
The remaining 633 children had normal hearts. 

3. Of the 301 children with organic lesions, acquired heart disease, 
probably rheumatic in origin, occurred in 55 per cent, and congenital 
lesions in 45 per cent. 

4. Acquired heart disease was more prevalent in the negro than in the 
white race. It occurred more frequently in girls than in boys, and more 
often in children living under poorer economic conditions than in those 
whose economic status was better. The incidence of congenital heart 
disease was independent of race or sex, and was fairly equally distributed 
among the different age groups studied. 
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5. About 24 per cent of the parents of children with congenital heart 
disease had been totally unaware of the existence of these lesions until 
the school examinations were made. 

6. The results of cardiac examinations by the school physicians were 
compared with those made by a special group of pediatricians in a sample 
of the school population. Both groups discovered approximately the 
same number of children with definite lesions, but the physicians espe- 
cially interested in cardiology detected more borderline eases of “pos- 
sible heart disease. ’ ’ 

7. A comparison of the results of this study with previous school sur- 
veys indicates that there are wide variations of incidence in different 
localities. The statement that 80 per cent of the acquired lesions are 
rheumatic in origin is true only in areas where rheumatic fever is preva- 
lent and severe, and cannot be universally employed as a distribution 
figure. 

I wish to express my gratitude to my colleagues who aided in the examinations, 
Doctors Margaret Posey, Carl Koch, and Irvin Itkoff. In addition, I wish to thank 
Mrs. Catherine Kavel, nurse to the cardiac clinics, who visited the schools with us, 
for her untiring efforts; Miss Minnie Landon, for aid in the compilation of sta- 
tistics; Mrs. William Brown, for her assistance in the statistical analysis; Dr. Floyd 
Allen, for preparing the data on the economic distribution of the patients; Dr. 
Julien Benjamin, for his help and advice; Doctor Harder, Acting Health Commis- 
sioner, and the School Physicians, for their cooperation ; and Mrs. looker and the 
Board of Health nurses, for their help in the school examinations and for obtaining 
histories in the cardiac cases. 
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A COMPARATIVE STUDY OP PRE CORDIAL LEADS IV R 

AND IV P 


Arthur J. Geiger, M.D. 

New Haven, Conn. 

T HE rapidly spreading use in recent years of supplementary pre- 
cordial leads in clinical electrocardiography was unfortunately at- 
tended by much confusion arising from lack of uniformity in tech- 
nique and nomenclature. In an effort to standardize practice, com- 
mittees of the American Heart Association and the Cardiac Society of 
Great Britain and Ireland, early in 193S, jointly recommended the gen- 
eral adoption of a uniform apical placement of the precordial electrode, 
and further suggested that for all ordinary purposes the preeordial 
(exploring) electrode he paired either with one on the right arm (lead 
to be known as IV R) or the left leg (lead to he known as IV P). The 
galvanometer connections of the latter lead were to be so made that 
relative positivity of the apical electrode would be represented in the 
finished curve by an upward deflection. 1 

At the time these recommendations were made, the relative merits of 
Leads IV R and IV F were not yet considered established, and the 
committee implied that further investigation was required before one 
or the other could be recommended for routine clinical use. 

It had been the practice for several years in this laboratory to employ 
a lead practically identical with Lead IV R. However, casual experi- 
ments with other leads, including IV P, indicated that occasionally 
significant discrepancies were encountered even between these two leads. 
Although convenience favored Lead IV R, since it involved only the 
arm leads and required no interchanging of the electrodes, it was evi- 
dent that the relative clinical value of each of these leads required fur- 
ther clarification, and this need was considered the more urgent when 
the universal adoption of cither Lead IV R or Lead IV P was recom- 
mended. This study was thus undertaken with the express purpose of 
determining which, if either, of these two leads was the more helpful 
clinically. 

METHODS 

Leads IV R and IV F were obtained together with the three conventional leads 
m 400 electrocardiographic examinations of 349 subjects. Selection was exercised 
0n y in the sense that the precordial leads were taken in cases of known or sus- 
pected heart disease. In all instances the electrocardiographic examination was 
merely incidental to a complete clinical study, and the great majority of the pa- 
tientsjvere hospitalized. 

New f imven e Colfn ^ rtment of Internal Medicine, Yale University School of Medicine, 
Received for publication June 21, 1939. 
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Two standard laboratory models of string galvanometer electrocardiographs* 
were employed. For the conventional leads and the indifferent (distant) contact 
of the precordial leads German-silver-plated electrodes, -4 by 6 cm. in size, were 
strapped to the extremities. Tor the exploring (near) electrode of the precordial 
leads a grooved, silver-plated disc, 3 cm. in diameter, was held at the desired lo- 
cation either by an attendant or by the patient’s left hand. A proprietary elec- 
trode jelly provided a contact medium by means of which shin resistance was 
kept below 1000 ohms in all but very few instances. Lead IV R was obtained by 
pairing the right arm lead with the preeordial electrode applied, as recommended,! 
to the extreme outer border of the palpable apex beat, or in the fifth intercostal 
space just beyond the left border of cardiac dullness, or just outside the mid- 
clavicular line if percussion of the heart was unsatisfactory. For Lead IV F 
the left leg was paired with the precordial electrode again placed as above. The 
galvanometer string tension was adjusted in all instances so that a deflection of 
one centimeter in the finished record corresponded to a potential difference of one 
millivolt. In order to obtain “upright” electrocardiograms, the connections for 
Lead IV F were so made that relative positivity of the apical electrode was repre- 
sented by an upward deflection in the finished curve. All records were taken with 
the patient reclining at an angle of about 45°. When, early in the study, dis- 
similar precordial electrocardiograms were obtained, the examination was often 
repeated to rule out error in connecting the patient; in all the instances here re- 
ported the repeated records were practically identical with the original set. 

RESULTS 

Among the 400 pairs of preeordial electrocardiograms obtained there 
were sixty-four instances of significant discrepancy. For convenience 
in presenting the data, all of the essentially similar records were con- 
sidered together, and the general characteristics of Leads IV E and 
IV F, as encountered in this group, are briefly presented belotv in Sec- 
tion I. The instances of dissimilar preeordial electrocardiograms are 
separately analyzed later in Sections II and III. 

SECTION I. ANALYSIS OF ESSENTIALLY SIMILAR LEADS IV R AND IV F 

P Waves . — In Lead IV E the P wave was almost invariably present 
as an upright deflection 1 to 1.5 mm. in amplitude, and sufficiently 
well defined to permit ready measurement of the P-E interval. In a 
few records P was isoelectric, and in a few others it attained an ampli- 
tude of 2 and 2.5 mm., but in no case was it a negative deflection in 
this lead. In Lead IV F, on the other hand, the P wave was usually 
either absent (isoelectric), or was a very small, diphasic wave, too ill- 
defined to permit accurate measurement of the P-E interval. In ap- 
proximately 5 per cent of the records, P appeared as a positive deflec- 
tion 0.5 to 1.5 mm. in amplitude, and in about 12 per cent the P deflec- 
tion was negative in direction and 0.5 to 1.5 mm. in depth. In no in- 
stance was the P wave in Lead IV F a larger positive or more clearly 
defined deflection than in Lead IV E. Lead IV E, therefore, appeared 
preferable to IV F for depiction of the auricular wave and A-V con- 
duction. 


*“Hindle” Electrocardiograph, Cambridge Instrument Co. 
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QUS Complexes . — The QRS complexes, though usually diphasic, 
showed a wide range of variation in direction, from totally positive to to- 
tally negative. This was not unexpected in a collection of normal and ab- 
normal electrocardiograms taken almost, indiscriminately among patients 
known to have or suspected of having heart disease. Of greater interest, 
from the standpoint of comparison of the two leads, was the observa- 
tion that in practically 7b per cent of the tracings the QRS directions 
were essentially the same in both leads. In the remaining 2b per cent, 
QRS was a more positive complex in Lead IV V than in IV R in all but 
one instance: in this, the QRS was entirely positive in IV I? and bal- 
anced in IV F. The amplitude of QRS was essentially the same in both 
Leads IV R and IV F in half of the records. In 3b per cent of the 

tracings, QRS was 2 to 20 mm. larger in Lead IV R. with an average 

preponderance of (>.b nun. In the remaining 1-! per cent of the records, 

QRS was 2 to 20 mm. larger in Lead IV F. with an average preponder- 
ance of b nun. for this small group. Considering all of the records, 
QRS averaged Lb nun. greater in Lead IV R than in Lead IV F. In 
summary, the QRS complexes of Leads IV R and IV F were similar 
in the majority of instances. Dissimilarity was manifested largely in a 
tendency for QRS in IV F to be more often a positively directed com- 
plex, but slightly smaller in amplitude than in IV R. 

JtS-T Feahnrs . — In approximately half of the records, the RS-T 
junction was one-half to several millimeters above the isoelectric line. 
Whether elevated, isoelectric, or low, the junction was essentially the 
same in both Leads IV R and IV F in 72 per cent of the records.- Jn all 
of the remainder the junction was more positive in position in IV R 
l\v 0.5 to 2 nun., including four instances in which the junction occurred 
below the isoelectric line. In the majority of records (f>7 per cent) the 
T wave appeared to take off directly from the QRS complex. When a 
horizontal RS-T segment was present in one of the preeordial leads it 
was invariably present in the other. In only slightly less than 10 per 
cent of all the tracings was the RS-T segment slightly longer in one 
lead than in the other, but when such a difference* occurred il was seen 
approximately twice as often in Lead IV F as in IV R. In summary, 
the RS-T junction level was similar for Leads IV R and IV F in the 
great majority of instances, but in an appreciable number of records 
the junction was higher (more strongly positive.) in Lead IV R Ilian in 
IV F. Slightly less than half of the records showed a horizontal RS-T 
segment, but. this was usually of about the same degree in both pre- 
cordial leads. 

T Waves . — In electrocardiograms in which the T wave was positive 
both in Leads IV R and IV F, it showed a. definite tendency to be larger 
ln h'Cad IV R. Thus, in 200 such pairs in which the T-wavc amplitudes 
iicie carefully measured, 02 per cent of the records showed that T in 
bead IV R exceeded that of Lead IV F by an average of 2.5 to 3 mm., 
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and in individual cases the difference was occasionally 6 or 7 mm. In 
37 per cent of this group, T was of the same positive amplitude in both 
precordial leads. Only twice did the amplitude of T in Lead IV F 
exceed that in IV R. 'When both Leads IV R and IV F possessed nega- 
tive T waves, the depth of the inversion was equal in exactly half the 
records, but in the remainder, T was more deepl.y inverted in Lead 
IV R about three times as often as in Lead IV P. In summary, the 
T wave, whether positive or negative, tended to be a larger deflection in 
Lead IV R than in Lead IV F. 

Q-T Duration . — Careful measurement of the Q-T duration in 115 
unselected pairs of precordial leads yielded identical values after cor- 
rections were made for differences in heart rate. In this respect, there- 
fore, Leads IV R and IV P appear to be identical. 

SECTION II. COMPARISON OP DISSIMILAR LEADS IV R AND IV F, WITH 
PREDOMINANT ABNORMALITIES IN IV F 

Sixty-four pairs of precordial leads exhibited greater discrepancies 
than those summarized in Section I. These dissimilarities concerned 
particularly the RS-T segments and T waves. In fifty-five of these rec- 
ords Lead IV P revealed abnormalities greater in degree and pathologic 
significance than were noted in IV R. This group is presented for con- 
venience under several roughly etiologic subdivisions, as follows : 

Coronary Thrombosis Group . — Eighteen patients with a diagnosis of 
coronary thrombosis had electrocardiograms in which Lead IV P gave 
clearer indication of the infarct than did Lead IV R. Samples of the 
precordial leads are given in Plates I and II, and the accompanying 
legends offer other electrocardiographic and clinical details. 

In three patients with recent coronary thrombosis (Plate I, Pigs. 1, 
6, and 7), Lead IV R was entirely normal, while IV F was sufficiently 
abnormal to confirm the clinical diagnosis. It is to be noted, however, 
that in none of these records was the R wave lost, which is considered 
typical of thrombosis in the left coronary artery system, 2 nor were the 
standard leads typical of either anterior or posterior infarction. How- 
ever, the outcome in the first case, and the clinical features and electro- 
cardiographic developments in the other two, pointed to coronary throm- 
bosis. The atypical electrocardiographic features may have resulted 
from an unusual location of the lesion. 

All of the cases illustrated in Plate I, by Pigs. 2, 3, 4, 5, 8, 11, and 
12, presented earlier or more dramatic changes in Lead IV P than m 
IV R. In follow-up records on three of these patients the T-wave 
abnormalities developed more fully in Lead IV P, but failed to appear 
at all in Lead IV R (Plate I, Pigs. 4, 6, and 7). 

In five cases of coronary thrombosis which had occurred in the dis- 
tant past, tire lesion was more definitely revealed in Lead IV P than m 
IV R (Plate I, Pigs. 8a, 9, 13, and 15; Plate II, Pig. 1). Particularly 
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interesting was the fact that, in a ease in which changes typical of ante- 
rior and apical cardiac infarction had been portrayed equally well in 
both precordial leads until a month after the acute episode, Lead IV R 
had returned to normal four months later, whereas the T deflection was 
still negative in Lead IV F (Plate I, Figs. 14«. and Z>). 

Digitalis Group . — Nine of the patients who were under the influence 
of digitalis exhibited electrocardiograms in which the T deflection was 
positive in Lead IV R and negative in Lead IV F. Whether digitalis 
was the only, or chief, factor in the T-wave inversion is open to reason- 
able question, because hypertension was present in six of these subjects 
and, as vail be seen below, negativity of T may occur in the precordial 
leads of such patients. However, the RS-T and T changes exhibited in 
Plate II, Figs. 4, 5, 7, 9, 10, and 11 , are like those generally recognized 
in standard leads as of the “digitalis variety.” Definite evidence that 
digitalis was a causative factor was found in subject J. B. (Plate II, 
Fig. 7). An electrocardiogram obtained one week prior to digitaliza- 
tion showed large, positive T waves in Lead IV F ; following the admin- 
istration of digitalis, T assumed the opposite direction here illustrated. 
Again, in subject J. T. (Plate II, Fig. 8), who had neither hypertension 
nor clinical evidence of coronary occlusion, but manifested digitalis in- 
toxication with coupled rhythm, the fact that T was isoelectric in Lead 
IV F would appear to be explainable as an effect of digitalis. 

Hypertension Group . — Hypertension of considerable degree or long 
duration has been known frequently to alter the direction of the T wave 
in the limb leads 3 and precordial leads. 4 Although inversion of the 
T wave in both of the precordial leads of patients with hypertension was 
commonly encountered in this study, there were eight subjects in whom 
the T deflection was positive in Lead IV R, but deeply inverted or, in 
two instances only, diphasic or isoelectric in Lead IV F. None of this 
group was receiving digitalis. 


Miscellaneoxis Group . — Twelve instances of significant discrepancy 
between Leads IV R and IV F were encountered in five patients whose 
etiologic diagnoses differed from those considered above. Samples of 


their precordial electrocardiograms are illustrated in Plate III, Figs. 
9 through 13, and the accompanying legends contain descriptive clin- 
ical notes. None of these subjects was receiving digitalis. It is remark- 
able that in only three of the many instances of arteriosclerotic heart 
disease uncomplicated by hypertension or coronary thrombosis included 
111 this study were there significant differences between Leads IV R and 
F. They are depicted in Plate III, Figs. 11, 12, and 13. 

The attempted etiologic grouping of the data in this section served 
chiefly, the purpose of convenience. Some overlapping of cases in each 
category is readily acknowledged, and no deductions as to the respec- 
lve va tue of these two precordial leads in relation to etiology should 
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PLATE I 

Coronary Thrombosis Group. 

Fig. 1.— G. S., male, 70 years old. Several long-, severe attacks of coronary pain 
during week. No previous cardiac symptoms. EKG: Isoelectric T in Lead I and 
deeply negative T in Lead IV F only. Course: Sudden death five days later in 
another severe attack. 

Fig. 2. — D. A., female, 70 years old. Known to have had hypertension for five 
years. Sudden attack of cardiac asthma with fall in blood pressure, followed by 
progressive congestive failure with death ten weeks later. EKG: Prominent Q wave 
and negative T in Leads II and III ; T positive in Lead IV R, but negative in IV F. 

Fig. 3a and h. — N. F., male, 5G years old. Sudden, severe attack of typical coronary 
pain, with collapse, cyanosis, hypotension, and transient fever and leucocytosis. 
EKG , twenty-four hours after onset, showed only low voltage in Leads I, II, and 
III, with neither precordial lead typical of recent infarction (3a). Two days later 
standard leads still equivocal, but Lead IV F now typical (3b). 

Fig. 4a and 1>. — I. B., female, 72 years of age. History of treated syphilis. Typical 
attack of coronary occlusion, with transient fever and leucocytosis. EKG, two days 
after onset, showed left axis deviation and negative T deflection in Leads I, II, and 
III; precordial leads indeterminate (not illustrated). Nine days later, T isoelectric 
in Lead IV F only (4a), and five days later T had become inverted in Lead IV F 
but not in IV R (4b). 

Fig. 5a and b. — W. P., male, 42 years of age. Angina pectoris for five months. 
Unusually severe attack, ten days before admission, lasting four hours, accompanied 
by sweating, weakness, nausea, and fall in blood pressure ; fever and leucocytosis 
transiently. EKG, ten days after onset, showed left axis deviation and “cove-plane” 
T-wave inversion in Lead I ; Lead IV F far more typical of recent infarction than 
IV R (5a), but a week later both precordial leads equally abnormal (5b). 

Fig. 6 a and b. — L. E., female, 64 years old. Arteriosclerotic heart disease, 
with hypertension and moderate angina pectoris. Clinically typical acute coronary 
occlusion, with pericardial friction, fall in blood pressure, fever, leucocytosis. EKG, 
three days after onset, showed marked left axis deviation and diphasic T in Lead III ; 
the latter became deeply negative six days later. Lead IV R normal throughout, 
but T in Lead IV F was probably abnormal in both records (6n and b). Tracing 
one week later identical with above. 

Fig. 7 a and b. — A. M., female. 73 years old. Serologic tests for syphilis were 
positive. Crushing chest pains with dyspnea and vomiting ; transient fever and 
leucocytosis. EKG, two weeks after onset, showed low voltage, very low T waves 
in Leads I and II, normal Lead IV R, and a diphasic T in Lead IV F (7a). Eleven 
days later, T inverted in Lead I, isoelectric in Lead IV F, but Lead IV R still 
normal (7b). 

Fig. 8a, b, and c . — J. P., female, 50 years of age. Known to have had hyperten- 
sion with angina pectoris for three years. Typical left coronary artery thrombosis 
with classical serial electrocardiographic changes. Admitted to hospital because of 
chronic pyelitis. EKG, two years after known coronary thrombosis, showed marked 
left axis deviation and isoelectric T in Lead I. Precordial leads both abnormal, but IV 
F more characteristic of old infarct than IV R (8a). Six weeks later suffered another 
attack of coronary thrombosis. EKG, taken one and ten days after last episode, 
showed negative T in Lead I. Both precordial leads again markedly abnormal, but 
again Lead IV F showed greater changes (8b and c). 

Fig. 9. — G. W., male, 60 years old. Alleged to have had a typical attack of 
coronary thrombosis at home eight months before ; referred to laboratory for follow- 
up examination. EKG: Isoelectric T in Lead I, and negative T deflection in Lead 
IV F only. 

Fig. 10. — R. F., female, 45 years old. Serologic tests for syphilis positive, acute 
rheumatic fever at 35, with recurrent congestive failure thereafter. Severe attacks 
of coronary pain for two weeks before admission. Physical signs of mitral and aortic 
stenosis. Transient fever and leucocytosis. EKG: Right axis deviation, and small, 
negative T deflections in Leads II and III. In Lead IV F the high RS-T segment 
level, negative T wave, and absence of the R wave were considered typical of recent 
myocardial infarction; Lead IV R less strikingly abnormal. Course: Temporary 
improvement, with recurrence of congestive failure and death two months later. 
Necropsy: Complete occlusion of anterior descending branch of left coronary artery, 
healed infarct at left apex, mitral and aortic rheumatic endocarditis with stenosis, 
pulmonary and splenic infarcts. 

Fig. 11. — T. O., male, 52 years old. Exertional angina pectoris for two weeks, with 
a severe episode lasting four hours. EKG, four days later, showed isoelectric T m 
Lead I, and dissimilar precordial leads ; the abnormalities in IV F seemed more clearly 
indicative of coronary thrombosis than those in IV R. 

Fig. 12. — C. C., male, 49 years old. Clinically typical coronary thrombosis, with 
ensuing hypotension, leucocytosis, and pericardial friction. Progressive congestive 
failure led to death in one week. EKG, four days after onset, showed left axis 
deviation and negative T deflection in Lead I. Lead IV F much more strikingly 
typical of recent myocardial infarction than IV R. 

( Legends continued on top of page 722.) 
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Pig'. 13.— J. R., male, 60 years old. Hypertensive cardiovascular disease for twenty 
years. Apparently had coronary thrombosis eighteen months before admission, with 
angina pectoris thereafter. EKG: Incomplete A-V block, marked left axis deviation, 
and negative T deflections in Leads I and II. Precordial leads possibly distorted by 
artifact, but Lead IV R apparently normal, while in IV P the inversion of T is 
unmistakable. 

Pig. 14a and b. — E. C., female, 67 years old. Arteriosclerotic heart disease with 
hypertension. Coronary thrombosis with electrocardiographic indications of anterior 
and apical infarction. EKG, one month after acute episode, showed persistent in- 
version of T in Leads I and II and both precordial leads (14 a). Pour months later. 
Lead IV R restored apparently to normal, -while Lead IV F retained negative T 
deflection (14b). 

Fig. 15. — J. C., male, 77 years old. Coronary thrombosis two years before, with 
typical electrocardiographic signs of apical and anterior infarction ; angina pectoris 
subsequently. EKG, two years after acute episode, showed left axis deviation and 
diphasic T in Lead I. Lead IV R normal, while IV P still had negative T deflection. 


PLATE II 

Coronary Thrombosis Group (cont.) 

Pig. 1. — J. C., female, 64 years old. Hypertension, and, probably, coronary throm- 
bosis ten months before she was admitted to hospital for carcinoma of pleura. No 
evidence of pericardial metastases. EKG showed low voltage in standard leads, with 
small, positive T deflections. Of the predordial leads, only IV F showed a persistently 
abnormal T deflection. 

Fig. 2 a and b. — A. B., negro male, 54 years old. Severe angina pectoris for two 
years, with virtual invalidism. EKG showed shallow inversion of T in Leads II, III, 
and IV F, but not in IV R. Another tracing, three days later, taken to exclude pos- 
sibility of technical error in obtaining the precordial leads, was identical with the 
first (2b). 

Pig. 3a and b. — A. N., male, 67 years old. Arteriosclerotic heart disease, with 
hypertension and angina pectoris. Admitted for upper abdominal pain and chills. 
Roentgenograms disclosed filling defect in ascending colon, and displacement of kidney. 
Because of acute development of dyspnea, cyanosis, and pulmonary edema, patient 
was digitalized rapidly. EKG: Small T waves in Leads I and II. Lead IV R lacked 
an R wave, while Lead IV P showed deep inversion of T (3a). Two days later, T 
had turned downward in Lead IV R also (3b). Course: Sudden death one week later. 
Final diagnosis : questionable coronary thrombosis ; carcinoma of colon. 

Digitalis Group 

Pig. 4. — -W. V., male, 42 years old. Hypertensive heart disease and moderate con- 
gestive failure. Patient recently digitalized. EKG: Diphasic T wave in Leads II and 
III, and inversion of T in IV F but not in IV R. 

Fig. 5a and b. — J. D., male, 51 years old. Arteriosclerotic heart disease with ' 
acute pulmonary edema. Digitalized, with prompt relief of symptoms. No hyperten- 
sion. EKG: Typical digitalis-type T-wave inversion in Leads I and IV F, but not in 
IV R (5a). Tracing one month later showed similar, but less pronounced, abnormali- 
ties. 

Pig. 6 a, b, and c. — J. Q., male, 53 years of age. Arteriosclerotic heart disease with 
hypertension and moderate congestive failure. Patient fully digitalized. EKG: Three 
tracings in five days all showed left axis deviation and negative T deflections in Leads 
I and IV P only. 

Fig. 7. — J. B., male, 58 years old. Arteriosclerotic heart disease with angina 
pectoris and mild congestive failure. Digitalized. EKG: Low voltage in standard 
leads, with almost isoelectric T in Lead I. T wave diphasic in Lead IV R, but 
definitely inverted in IV P. 

Pig. 8. — I. A., female, 70 years old. Arteriosclerotic heart disease with hyper- 
tension and congestive failure. Digitalized. EKG: Auricular fibrillation, with isoelec- 
tric T waves in the standard leads and Lead IV P. 

Fig. 9. — H. B., female, 32 years of age. "Malignant hypertension” with cardiac 
and renal failure led steadily to death in spite of digitalization. EKG: Left axis 
deviation. RS-T segment level slightly low in Lead I, but T waves positive in all 
leads except IV P, in which inversion of the digitalis type was present. 

Fig. 10. — J. T., female, 74 years old. Arteriosclerotic heart disease with moderate 
congestive failure. Digitalis intoxication. EKG: Coupled rhythm, low T waves in 
Leads I and II. T was a positive deflection in Lead IV R, and negative in IV F. 
Note, also, opposite directions of T in the ectopic ventricular beats. 

Pig. 11. — E. B„ male, 58 years old. Arteriosclerotic heart disease, with hyperten- 
sion and moderate congestive failure. Digitalized. EKG: left axis deviation, isoelec- 
tric T waves in Leads I, II, and III, and low RS-T segment level in Lead I. In Lead 
IV R the T wave was a positive deflection, while in Lead IV F it was negative. 

Pig. 12 . — P. B„ male, 89 years old. Arteriosclerotic heart disease with hyperten- 
sion and moderate congestive failure. Digitalized. EKG: Isoelectric T wave in Leads 
I, II, and IV P only. 
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PLATE III 
Hypertension Group 

Pig. 1. — J. O., male, 40 years of age. Hypertensive cardiovascular disease, with 
subarachnoid hemorrhage. No digitalis. EKG: Marked left axis deviation, and 
negative T deflections in Leads I, II, and IV P, but not in IV R. 

Fig. 2. — L. L., female, 51 years old. Severe hypertension, with mild congestive 
failure and cerebral symptoms. No digitalis. EKG: Marked left axis deviation, with 
negative T deflections in Leads I, II, and IV P ; large positive T deflection in Lead 
IV R. 

Pig. 3 a, b, and c. — E. S., female, 61 years old. Arteriosclerotic heart disease and 
hypertension. EKG: Left axis deviation; negative T deflections in Leads I and IV F; 
large, positive T deflection in IV R (3a). Tracings repeated twice in week to rule out 
technical error, but records similar (3b and c). 

Fig. 4.— J. T., female, 27 years old. Cushing’s syndrome of pituitary basophilism, 
including hypertension. EKG: Left axis deviation, negative T deflection in Leads I 
and IV P only. Similar tracings eleven weeks later. 

Fig. 5. — G. IC., male, 85 years old. Arteriosclerosis and hypertension. No heart 
failure; patient not digitalized. EKG: Left axis deviation. T deflections in all leads, 
except IV P, were positive. 

Fig. 6. — G. IC., female, 54 years old. Hypertension and anxiety state. Possibly had 
coronary thrombosis eight months before. EKG: Marked left axis deviation, with 
negative T deflections in Leads I and II. Both precordial leads abnormal, but in IV R 
the T wave was isoelectric, while in IV F it was deeply inverted. 

Fig. 7. — H. H., female, 40 years old. Obesity, with hypertension, and, probably, 
angina pectoris. No digitalis. EKG: Left axis deviation, diphasic T wave in Lead 

I. In Lead IV R the T wave was positive, while in IV P it was negative. 

Fig. 8. — M. IC, male, 75 years old. Arteriosclerotic heart disease with hypertension 
and congestive failure. EKG: Record obtained before digitalization showed normal 
T deflections in all leads except IV F. Following digitalization T became a negative 
deflection in all leads. Course: Congestive failure progressed in spite of digitalis and 
other treatment, and patient expired three weeks later. 

Miscellaneous Group 

Fig. 9. — C. L., male, 17 years old. Acute rheumatic pancarditis. No digitalis. 
EKG: T deflections small and inverted in Leads I, II, and IV P; T deflection small, 
but positive, in Lead IV R. In several other tracings taken during next three months 
the precordial leads remained much the same as those here illustrated ; Lead IV R 
was always border-line with respect to the character of its T wave, while in IV F 
it was clearly abnormal in being consistently negative. 

Fig. 10. — J. A., male, 58 years old. Arteriosclerotic heart disease with moderately 
severe angina pectoris. Digitalis discontinued three weeks before admission. EKG: 
T waves small, but upright in standard leads. Lead IV R perfectly normal, but in 
IV F the T deflection was deeply negative. 

Fig. 11. — R. P„ female, 72 years old. Arteriosclerotic heart disease, with, possibly, 
thiamin deficiency, and congestive failure. No digitalis. EKG: Left axis deviation, 
QRS slurring, and small, but positively directed, T waves in standard leads. T in 
Lead IV R appeared normal, while in IV F it was practically isoelectric. Five sub- 
sequent records in the course of several weeks were essentially the same, with per- 
sistent inconsistency in the precordial leads. Course: No clinical improvement with 
thiamin chloride administration, but recovery after digitalization. 

Fig. 12. — C. R., male, 55 years of ' age. Rheumatic aortic stenosis, with syncopal 
attacks. No digitalis. EKG: Left axis deviation, with diphasic T waves in Leads I, 

II, and IV P, but a normal Lead IV R. 

Fig. 13. — G. G., male, 54 years old. Arteriosclerotic heart disease with diabetes 
mellitus. No digitalis. EKG: Isoelectric T deflections in Leads I and IV R; how- 
ever, in Lead IV P the T deflection was definitely negative. 




(See opposite page /or legends.) 
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be ventured on so few data. Tlie point that justifies emphasis is that 
Lead IV F may occasionally reveal significant abnormalities which are 
absent from, or less clearly presented in, Lead IV E. 

SECTION III. PRESENTATION OF DISSIMILAR LEADS IV R AND IV F WITH 
PREDOMINANT ABNORMALITY IN LEAD IV R 

In only nine instances (2.3 per cent), and from but four patients 
(1 per cent), were more definite abnormalities encountered in Lead 
IV E than in Lead IV F (Plate IV). In two of the patients coronary 
thrombosis had apparently occurred, and, although in both instances 
Lead IV F showed abnormalities of the T waves which might have con- 
firmed the clinical impression, significant changes were more fully por- 
trayed in Lead IV E of the earlier records (Figs. 1 and 2). Fig. 4 
illustrates discrepancies in the precordial leads which were found in a 
case of probable vitamin B deficiency and cardiac failure. The T de- 
flections were negative in Lead IV E, and positive in IV F. The greater 
abnormality of Lead IV E as compared with IV F, as shown in Fig. 3a, 
is of uncertain significance, and one cannot say in this case which lead 
gave more accurate information. 

Apparently it is rare for Lead IV E to show greater abnormalities 
than Lead IV F, but even these few observations indicate that the pos- 
sibility of such an occurrence must be recognized. However, discrep- 
ancies between these two precordial leads are revealed in the vast ma- 
jority of instances (86 per cent) by greater abnormality in Lead IV F 
than in IV E. 


plate rv 

Fig-, la and b. — A. S., male, 53 years old. Angina pectoris for eight years. Two 
recent, unusually severe and persistent attacks, associated with vomiting and collapse, 
followed by transient fever and leucocytosis. EK G, two days after onset (la), in- 
dicated coronary thrombosis more clearly in Lead IV R than in IV F. Tracing 
fifteen days later showed abnormalities of equal degree in the two precordial leads 
( 16 ). 

Fig. 2a and b. — R. H., male, 50 years old. Brief syncopal attack, followed by a 
questionable pericardial friction. EKG, two weeks later, suggestive of coronary throm- 
bosis, with T-wave abnormality more fully developed in Lead IV R than in IV F 
(2a). Tracing six months later (2b) showed marked regression of T-wave abnormality 
in all leads, but QRS in Lead IV R more clearly indicative of old cardiac infarct. 
Course: Sudden death two weeks later. 

Fig. 3a and b. — G. A., male, 61 years old. Acute epigastric and substernal pain, 
followed by obstructive jaundice and epigastric tenderness. Slight transient fever 
and leucocytosis: convalescence uneventful. EKG: two records in one week showed 
intraventricular block and changes of uncertain significance ; Lead IV R in 3 a more 
strikingly abnormal than IV F, but doubt about the diagnosis prevented any decision 
as to which lead gave more accurate information. 

Fig. 4a, b, and c. — L. C., male, 52 years old. Arteriosclerotic heart disease with auric- 
ular fibrillation, and progressive congestive failure for eight months in spite of theoret- 
ically adequate digitalis medication. Diet considered deficient in vitamin B. Patient ex- 
hibited generalized anasarca and frank peripheral neuritis. Venous pressure 21 cm. 
water, arm-to-tongue circulation time 19 sec. Digitalis stopped because of marked 
bradycardia. Thiamin chloride and nicotinic acid given in large doses, mercurial 
diuretic given intravenously once ; eliminated 15 pounds of edema fluid, and peripheral 
neuritis cleared up. EKG: Three records during first ten hospital days showing dis- 
crepancy in direction of T in precordial leads. Fourth record, three weeks later, not 
illustrated, showed positive T deflections in all leads. Final diagnosis : heart failure 
questionably related to vitamin B deficiency. 
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SUMMARY 

Leads IV R and IV p were studied in 400 electrocardiographic exam- 
inations of 349 patients known to have, or suspected of having, heart 
disease. 

Although 84 per cent of the precordial leads were considered as being 
essentially the same, the following minor differences were noted in the 
two groups : Lead IV F was inferior to IV R in depicting the P wave 
and P-R interval. QRS in Lead IV P tended more often to he a posi- 
tively directed complex, but was smaller in amplitude than in Lead 
IV R. The level of the RS-T junction was less often elevated (posi- 
tive) in Lead IV P than in IV R. The T wave, -whether positive or 
negative, was, on the average, smaller in amplitude in Lead IV P than 
in IV R. The Q-T duration was identical in the two leads. 

Sixty-four pairs (16 per cent) of the records exhibited significant dis- 
crepancies, particularly in the RS-T portions and T waves. In fifty- 
five of these instances, the abnormalities occurred either alone in Lead 
IV P, or to a significantly greater degree in Lead IV P than in Lead 
IV R. Illustrations of all of the dissimilar precordial electrocardiograms 
are shown in the plates, and brief clinical notes are presented in the 
accompanying legends. 

CONCLUSION 

Lead IV P is definitely superior to IV R in the detection of cardiac 
abnormalities, and it should be given preference in routine clinical elec- 
trocardiographic examinations. 
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ROENTGENKYMOGRAPHY OF THE HEART 

Its Clinical Applications and Limitations 

Richard Gubner, M.D., e J. Hamilton Crawford, M.D.,* Wilbur A. 
Smith, and Harry E. Ungerleider, M.D.t 

New York, N. Y. 

T HE application of roentgenologic methods to the study of the heart 
lias proved an invaluable adjunct to clinical examination. Roent- 
genograms give a permanent record of the size, shape, and position, and 
under controlled conditions permit reasonably accurate measurements 
of the heart shadow. Fluoroscopy, by visualizing the movements of the 
heart, has afforded the opportunity to study its functional status, in ad- 
dition to its morphologic variations. This method of examination gives 
information only to the individual observer, and its value depends upon 
the experience and skill of the one making the examination. The advent 
of roentgenkymography lias provided a simple technique for graphically 
recording the movements of the heart on a single film. A permanent 
record of the motion is thereby obtained, which, upon closer inspection, 
reveals details of movements which are difficult or impossible to see with 
the poor illumination and speed of motion that obtain during fluoro- 
scopic examination. 

Increasing experience with this mode of study, considered in the light 
of the accumulated literature, now makes it possible to estimate its 
sphere of clinical usefulness as well as to recognize that it has certain 
definite limitations. The material for this report comprises the roent- 
genkymograms of 350 normal subjects of various ages, and those of a 
large number of patients with heart disease.^ A list of selected refer- 
ences to the pertinent literature is appended. 

The principle of roentgenkymography is very simple ; it is illustrated 
in Fig. ]. If a lead shield with a thin horizontal slit is interposed be- 
tween the subject and the sensitized film, the only part of the heart 
shadow registered on the film is the thin horizontal segment opposite 
the slit. If the film is moved downward during a continuous x-ray ex- 
posure, the pulsating movements of the two points visualized at corre- 
sponding levels on the two sides of the cardiac contour will be recorded 
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on the moving film in the form of a wave, and the waves will be re- 
peated with each cardiac cycle (Fig. 1). 

This ingenious technique was first described by Sabat, 1 in 1911, but 
was almost entirely neglected for many years. The failing of the single- 
slit grid was that only two points of the cardiac contour were visualized. 
Stumpf 2 remedied this shortcoming and broadened the clinical applica- 
tions of kymography by constructing a grid with multiple horizontal 
slits, making it possible to register numerous points along the cardiac 
contour simultaneously. With the multiple-slit grid the film must be 
moved only just a little less than the distance between two slits in order 
to prevent overlapping of the waves of adjacent segments. The type of 
grid most commonly employed has slits 0.4 mm. wide, spaced at 12 mm. 
intervals. The film is moved downward a little less than 12 mm. dur- 
ing a continuous exposure of one to two seconds, with respiration sus- 
pended in the phase of moderate inspiration. Thus, depending on the 
heart rate and duration of exposure, one to three complete cardiac 
cycles are generally recorded (Fig. 2). Since the film moves down dur- 
ing the exposure, the time ordinate is directed upward, i.e., the begin- 
ning of exposure is at the lower margin of a segment, the end of ex- 
posure above. For details of the technique the reader is referred to the 
articles of Hirscli. 3a ’ b 

The roentgenkymograph may be obtained commercially or can be 
built at relatively small expense. 4 ’ 5 While the technique described is 
the one most generally employed, there are many variations. Thus, the 
grid may be moved and the film held stationary during the exposure, 
instead of moving the film as described above. The type of kymogram 
obtained with this method is illustrated in Fig. 3. Although the other 
thoracic structures appear in their normal configuration with this tech- 
nique, the moving-film kymogram is usually preferable because it more 
closely portrays the movements of single points along the cardiac con- 
tour. Other types of grids have been employed. The grid devised by 
Cignolini 6 permits registration of a greater number of cardiac cycles 
than is possible with the multiple-slit grid,- and therefore is preferable 
when a prolonged exposure is desired, as in the study of arrhythmias. 
In addition to the movements at the border which are recorded by the 
kymogram, there are density changes in the heart shadow during the 
cardiac cycle. These are usually visible grossly, but may be analyzed in 
greater detail with the densograph devised by Stumpf. 7 

The kymogram of a normal subject is illustrated in Fig. 2. The waves 
of each chamber are characteristic. The ventricular wave consists funda- 
mentally of a slow, bent, outwardly directed limb representing diastolic 
filling, succeeded by a sharp inthrust representing systolic ejection. The 
peaks of the waves therefore represent maximum diastole, and the 
troughs represent maximum systole. By connecting the peaks and 
troughs of adjacent segments in the manner illustrated in Fig. 4, one 
can obtain the outline of the ventricle in systole and in diastole. The 
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aortic wave shows a sharp oulthrust synchronous witli ventricular sys- 
tole, and this is succeeded by a slow recession of the wave during dias- 
tole, interrupted by the aortic incisura. The auricular waves consist of 
multiple small serrations. 

All of the segments are comparable in time because all of them are 
taken during the same exposure. The waves of the different chambers, 
therefore, may be graphically correlated on a time axis, and the se- 
quence of events throughout the cardiac cycle can be carefully analyzed. 
Fig. 5 shows a graphic analysis of the various waves on a time axis, 




. Fig. X.— Principle of Slit Kymography. A lead shield with a thin, horizontal slit 
ls interposed between the subject and the film, permitting only a narrow segment 
oc the heart shadow, corresponding to the width of the slit, to be registered on the 
nlm. If the film is moved downward at a uniform rate during a continuous x-ray 
exposure, the pulsations of the two opposite points of the cardiac contour visualized 
will be recorded on the moving film in the form of waves, the waves being repeated 
with each cardiac cycle. 


together with a simultaneously recorded electrocardiogram. By corre- 
lation with the electrocardiogram and heart sound records, the waves 
way he assigned to specific events in the cardiac cycle. 3 ’ 8 The phe- 
nomena recorded kymographically are readily susceptible of physiologic 
interpretation. The ventricular wave corresponds roughly to experi- 
mental ventricular volume curves. The waves of the aorta and pul- 
monary artery are identical with arterial sphygmograms. The auricular 
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waves frequently sliow three small serrations which correspond to the 
a, c, and v waves of the jugular pulse. 

An interesting application of kymography has been an attempt at 
topographical analysis of the chambers composing the borders of the 
cardiovascular silhouette. The infrequent occurrence of aortic waves 
over the upper right heart border indicates that the vena cava rather 
than the ascending aorta usually forms this part of the cardiovascular 
shadow. The presence of ventricular waves over the lower right border 
has suggested that the right ventricle enters into the formation of the 
right heart border, contrary to usual belief. While this is probably 
true of vertically placed hearts, there is a legitimate criticism against 
accepting the occurrence of ventricular waves over the lower right 
cardiac contour as indicative of right ventricular movement. The move- 
ments of the right heart border are probably appreciably influenced by 
the left ventricle. In general, the waves along the right heart border 
in the posteroanterior views are very variable and of little clinical im- 
portance. The auricular waves are of little value, for those produced 
by the right auricle are ordinarily too small to be of any practical sig- 
nificance, while the left auricle contributes only a small and inconstant 
segment to the left cardiac border in the posteroanterior view. 

The left ventricular and vascular (aorta and pulmonaiy artery) waves 
are more constant, and undergo interesting modifications in disease. 
Changes occur in time relationships, form, and amplitude. The inter- 
pretation of changes in amplitude is less certain than analysis of time 
relationships, which may be accurately resolved within 0.02 to 0.03 sec- 
ond. Although Johnson 9 has found close correspondence between the 
amplitude of the left ventricular wave and the systolic output, the 
change in cardiac contour which the kymogram records is not purely a 
volume change, but is a resultant of the predominant contractile thrust, 
of rotary motion, and of positional changes of tire heart as a whole. 
Furthermore, movement which is not parallel to the horizontal slit is dis- 
torted and magnified, as is evident in the upper ventricular frames of 
Fig 4. This distortion may, however, be easily corrected for in the 
manner illustrated. 

The greatest objection to any quantitative interpretation of the kymo- 
graphic waves is that, until now, kymograms have generally been taken 
at a distance of about 30 inches. Because of magnification of the image 
resulting from the short focal distance, no valid conclusions concerning 
heart size and its changes could be drawn. Teleoroentgenographie dis- 
tance has not been attained hitherto because of the inability of ordinary 
Roentgen tubes to withstand the high exposure power required for ky- 
mography at the greater distance. Teleoroentgenogi'aphie distance has 
been made possible in our studies by the use of a tube of sufficiently high 
capacity, energized by a three-phase generator, which tends to maintain 
an almost even potential near peak value. One hundred eighty Ma. 
seconds at 60 to 85 lev., depending on the thickness of the chest and the 




Fig. 2. — Roentgenkymogram of ;i normal subject, 
ti I f iK ; ^•~R°cntgenkyniogram with moving grid and stationary film. The other 
thoracic structures appear in their normal relationships, in contrast to their seg- 
mented appearance in the moving film ltvmogram. This type of kymogram is not 
as satisfactory as the moving film kvmogram, since it less accurately portrays the 
movement of single points of the heart. 

4 -~ Outline of the left ventricle in systole and in diastole. The peaks and 
noughs of each segment are projected to the same horizontal level before connecting 
™ . obtain the outline of the ventricle in systole and in diastole. The kymo- 
,i„ records only that component of movement which is parallel to the slit, and 
pai.< ! m0 F eniont of l 'ie upper left ventricular contour is distorted and magnified be- 
“r, ot V'c obliquity of tills portion of the heart border. By connecting the peaks 
tmip p URls . tlle manner illustrated this factor is corrected, and the true ampli- 
°f inotion along the entire heart border is obtained. 
noi™(fi m— Graphic correlation of the kymographlc waves of various chambers in a 
Hiicoi su "J cc:t - with a sinniltaneouslv recorded electrocardiogram. (Reprinted from 
C ' 1 antl Gubner, Am. Hkaiit J. 12:’ 113, 1936.) 
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obliquity of exposure, were employed for a 1 to 1.5 second exposure. 
The measurements of the telehymogram correspond precisely to those 
of the regular teleoroentgenogram, and the telehymogram thus provides 
an accurate image of the heart and its movements. T elekymogr aphie 
technique has been used by the authors in an attempt to obtain infor- 
mation concerning heart volume, cardiac output, and aortic elasticity. 10 
For ordinary clinical purposes, however, when quantitative values are 
unnecessary, the 30-inch kymogram, which requires only ordinary equip- 
ment, serves adequately."" 


MYOCARDIAL INFARCTS 

The most important clinical application of kymography is in the dem- 
onstration of myocardial infarcts. Ordinary roentgenologic examination 
is of little value in myocardial disease except when it indicates cardiac 
enlargement, or when in an occasional case it demonstrates aneurysm 
of the left ventricle secondary to myocardial infarction. Although iso- 
lated case reports have appeared illustrating changes in contraction in 
areas of myocardial infarction, 11 ’ 12 the value of kymographic examina- 
tion in cases of coronary artery disease is not yet generally appreciated. 
In a study of forty -five cases of myocardial infarction the authors found 
definite kymographic changes in fortv-one. 13 Exposures were made in 
the posteroanterior and in two left oblique positions (about 25° and 
60°), thus visualizing the movements of the anterior and posterior walls 
of the left ventricle. A fairly close correspondence was found between 
the electrocardiographic and kymographic localization of the infarct in 
those cases in which electrocardiographic localization was possible. The 
kymogram was found to be valuable for localizing and determining the 
extent of infarction following acute coronary artery thrombosis. In 
addition, kymographic examination frequently aided in the appraisal 
of the extent of myocardial damage in patients with angina pectoris, 
and in subjects with a history suggestive of previous coronary throm- 
bosis. - • 

Infarcted areas appear in the kymogram as localized segments which 
exhibit abnormal pulsations. Most commonly, partial or complete para- 
doxical pulsation is observed. While the remainder of the ventricle 
contracts normally, the infarcted region expands passively, instead of 
contracting, at the onset of systole, and collapses at the end of systole. 
Other types of movement are also observed in myocardial infarction. A 
double systolic pulsation or multiple bizarre movements during systole 
may occasionally occur. Marked diminution of the amplitude of the ven- 
tricular wave may occur in other conditions, but a localized impairment 
of contraction with normal motion in adjacent segments is highly sug- 
gestive of myocardial disease. It is difficult to explain why in one case 
reversal occurs, whereas in another there is only impaired contraction; 

*Teleoroentgenographic technique was employed for the films taken at the labo- 
ratory of the Equitable Life Assurance Society. The roentgenkymograms made at 
the Kings County Hospital were taken at 30-inch distance. 
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of tlie ventricle is not more commonly diagnosed by roentgenologic 
examination. 

The systolic distention of ventricular aneurysms is illustrated clearly 
in Fig. 8 B, taken from a patient who had sustained several attacks of 



Fig. G. — Myocardial Infaiction. While the lemainder of the ventricle contracts 
noimally (2), the infarcted area (.7) expands passnely at the onset of systole instead 
of contracting, and collapses at the end of systole. 

Fig. 7. — Roentgenkvmogram of a patient with angina pectoris but without a his- 
tory of coronary' thrombosis and with a normal electrocardiogiam. There is a defi- 
nite reversal of' pulsation of the apical and supra-apical region of the left ventricle, 
demonstrating an area of infaiction. 

Fig. 8. — A, Ventricular aneurysm. B , Roentgenkymogram shows systolic expansion 
of the aneurysmal sac, 2. 

coronary occlusion. During systole the aneurysm balloons out as a passive 
sac, just as the aorta expands, and collapses at the end of systole when the 
fall of intraventricular pressure relieves the tension on the aneurysmal 
area. Scott and Moore 15 liave recently reported a case in which ordinary 
roentgenologic examination pointed to aneurysm of the ventricle, and the 
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kymogram showed paradoxical pulsation. At autopsy a highly malignant 
tumor, arising from the endothelium of the pericardium, was found. The 
underlying myocardium was invaded by the growth, and the destruction 
of the myocardium probably accounted for the paradoxical pulsation. 
We have observed the same roentgenographic and kymographic phe- 
nomena in a 13-year-old negress. 

CARDIAC DECOMPENSATION 

Marked enlargement of the heart, with cardiac decompensation, is gen- 
erally accompanied by diminished amplitude of the ventricular pulsa- 
tions, except in the case of aortic regurgitation. The movement of the 
apex is particularly reduced and may be absent or even reversed. This 
is due to impaired contraction of the ventricle as a whole, and to 
diminution or loss of the normal, upward, apical thrust. Furthermore, 
as Kirch 16 has emphasized, the apex is the most labile portion of the ven- 
tricle; atrophy and thinning of the apex, with consequent loss of con- 
tractility, occur whenever there is cardiac enlargement with failure, re- 
gardless of the cause of the failure. Impaired, absent, and even reverse, 
movement in the apical region must therefore be interpreted with great 
caution, in so far as the possibility of localized myocardial disease is con- 
cerned, when there is any considerable degree of cardiac enlargement. 17 


PERICARDIA!, EFFUSION 

The movements are markedly diminished, or almost absent, over the 
entire heart border in cases of pericardial effusion (Fig. 9 A). On oc- 
casion, from the kymogram alone, it may be difficult to distinguish peri- 
cardial effusion from the markedly diminished pulsations seen in cardiac 
decompensation with marked enlargement of the heart. After resorption 
or paracentesis, the amplitude of the ventricular wave tends to return to 
normal (Fig. 9 B). 

CONSTRICTIVE PERICARDITIS 

Although the interpretation of diminution or absence of movement in 
cases of cardiac enlargement must be cautious, a generalized absence of 
movement when the heart is not enlarged is characteristic of concretio 
cordis, in which case the excursions are limited by the constricting peri- 
cardium. Fig. 10 illustrates a case of constrictive pericarditis in which 
the kymogram aided in the diagnosis. A pericardiectomy was performed, 
with complete relief of symptoms. Johnson 4 reported a similar case and 
stressed the diagnostic value of roentgenkymography in this condition. 

VALVULAR LESIONS 

Characteristic changes in the ventricular and vascular waves may oc- 
cur when valvular lesions are present. These have been reported in detail 
elsewhere. 8 
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In mitral insufficiency the pressure in the left auricle is increased 
markedly during ventricular systole because of the regurgitation. The 
rate of inflow into the ventricle in early diastole is accordingly ac- 
celerated, and there is practically complete filling in the early inflow 
phase. Under these circumstances the ventricular Avave may assume a 
trapezoid appearance. Occasionally, Avben the regurgitation is marked, 



A. B. 

Fig. 9. — Pericardial Effusion: .4, Roentgenkymogram shows generalized diminution 
of pulsation. B, Roentgenkymogram of same subject one month later, showing return 
of normal pulsations with resorption of the effusion. Reproduced through kind per- 
mission of Dr. Marey Sussman, Roentgenologist of the Mount Sinai Hospital, New 
York City. 



Fig. 10. — Constrictive pericarditis. There is a marked generalized impairment of 

contraction ; heart of normal size. 
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a definite regurgitant wave may be seen in the auricle. Fig. 11 B shows 
filling of the auricle at the onset of systole in a ease of advanced mitral 
valvular disease in which the enlarged left auricle formed the right heart 
border (Fig. 11 A). 

In mitral stenosis the ventricular wave may be of low amplitude, and 
when the degree of stenosis is marked the filling of the ventricle in 
diastole is retarded, which is in contrast to mitral insufficiency. 



, IE — Mitral Insufficiency: A, The enlarged left auricle forms the right heart 

order. B, Roentgenkymogram shows regurgitation into the left auricle, with onset 
oi systole and a rapid refilling of the left ventricle in early diastole, 
l — 'Aortic Insufficiency. The aortic waves are of large amplitude and col- 
apsing character. The ventricular waves are large, indicating an increased systolic 
ejection ; and there is a rapid refilling in early diastole due to the regurgitation. 

Big. 13. — Aortic Stenosis. The aorta fills slowly during systole. 


Aortic insufficiency produces striking changes in the kymogram (Fig. 
12). The amplitude of the aortic wave is greatly increased, to a degree 
commensurate with the widened pulse pressure, and collapses early in 
diastole. The ventricular wave is likewise of large amplitude because of 
the increased ejection, and refills early in diastole as a result of the 
^gurgitation. 
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In aortic stenosis the aorta fills very slowly because of the diminished 
rate of ejection from the ventricle. This change occurs only when there 
is a marked degree of stenosis (Fig. 13). 

In general, kymography is not of great clinical value in valvular dis- 
ease. There is considerable variation among normal subjects in the ap- 
pearance of the ventricular waves, which may resemble those seen in 
mitral insufficiency or stenosis. Characteristic changes are generally pro- 
duced only when the lesion is advanced. Furthermore, valvular lesions 
are usually multiple, and the kymographic waves are a resultant of the 
combined dynamic effect of these lesions. Thus, the aorta may fill slowly 
in cases of mitral insufficiency because of the diminished rate of ejection 
from the ventricle, since pressure is dissipated by regurgitation into the 
auricle ; this may simulate the slow aortic filling in aortic stenosis. 



Fig. 14. — Aneurysm of the aorta. 


DISEASES OF THE AORTA 

An eur ysm . — It is frequently difficult to distinguish aortic aneurysms 
from mediastinal tumors, and kymography may help to identify the 
mediastinal mass. In general, aneurysms pulsate (Fig. 14), whereas 
solid tumors do not, but this statement requires many qualifications. 
Solid tumors situated in close proximity to the aorta may show trans- 
mitted movements which may be difficult to distinguish from the pulsa- 
tions of the aorta. A helpful detail, when it is present, is the occurrence 
of cyclic density changes in aneurysm, in addition to movement at the 
border. An increased opacity of the mass which occurs at the same time 
as a lateral movement at the margin signifies movement in three dimen- 
sions, and indicates that the mass is expansile. Stumpf 7 has devised a 
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densograph to aid in detecting variations in opacity. It is important to 
recognize that aneurysms may fail to pulsate if clotting lias occurred in 
the sac. Fig. 15 illustrates a case of this type. A densely laminated 
aneurysm of the ascending aorta and innominate artery was found at 
autopsy. Scott and Moore 15 have had similar experience. Blakemore 
and King 18 demonstrated a marked reduction of pulsation following 
electrothermic coagulation of aortic aneurysms and found that “roent- 
genkymography lias been of great help in showing the effect of induced 
clotting on the pulsation of aneurysm.” 

Syphilitic Aortitis . — The signs of aortitis are few, and any definite 
change in movement detectable in the kymogram would have definite 
clinical value. Unfortunately, syphilitic aortitis most often involves the 
ascending aorta, the first part of which is obscured by the heart shadow, 
and kymographic movements of the remainder of this segment of the 
aorta vary considerably because they are influenced by the motion of the 
heart, which is in close proximity. Scott, Moore, and McCordock 19 stated 
that "the presence of large waves over the ascending aorta in adults be- 
low forty is most suggestive of syphilitic aortitis, and may be considered 
as such kymographically. ’ ’ In the posteroanterior view, the right side 
of the vascular shadow is formed by the superior vena cava, rather than 
the ascending aorta, in the majority of cases, 8 unless the aorta is defi- 
nitely widened. While it is true that bizarre waves, which may even 
resemble ventricular waves, may be seen over the right border of the 
vascular pedicle, these cannot be accepted as characteristic of syphilitic 
aortitis, for they are observed in normal individuals during expiration, 20 
and in other pathologic conditions. It is also questionable whether they 
represent expansile movements of the aorta. The ascending aorta and 
aortic arch are best visualized in the slight left oblique position. In this 
view it is seen that there is considerable variation in the appearance of 
the wave of the ascending aorta in normal subjects. It will be necessary 
to establish normal standards in this position before any changes char- 
acteristic of aortitis can be distinguished. 

Arteriosclerosis . — Arteriosclerosis decreases the elasticity of the aorta. 
The velocity of the pulse wave is a quantitative expression of arterial 
elasticity, the velocity increasing with decreased elasticity. An attempt 
has been made with the telekymogram to estimate pulse wave velocity, 
and thereby elasticity of the aorta, by employing Bramwell’s formula 
relating change in arterial cross section to pulse pressure. 10 With this 
method, normal values for pulse wave velocity in the descending aorta 
were estimated to be of a magnitude of 3 to 4 meters per second. De- 
creased arterial elasticity is frequently grossly distinguishable in the 
kymogram by the fact that the amplitude of the wave of the descending 
aorta is small although there are a normal or increased pulse pressure 
and a ventricular wave of normal magnitude. When calcific plaques 
<*re present in the aorta they may be seen to pulsate slightly. 
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The changes are usually more definite in the descending than in the 
ascending aorta, for arteriosclerosis more commonly involves the descend- 
ing than the ascending portion. Furthermore, interpretation of move- 
ment of the ascending aorta is difficult because, in addition to its in- 
trinsic expansile movement, there are probably an appreciable displace- 
ment of the ascending aorta by motion transmitted from the ventricles, 
and straightening of the aorta until increase in internal pressure 
(Bourdon action). 

In hypertension the aortic wave may be of rather low amplitude. Since 
the aorta is already distended by a high diastolic pressure, its expansion 
in systole is consequently limited, and the kymographic wave of the 
descending aorta may appear rather small. The ventricular wave, how- 
ever, is of normal or slightly increased amplitude, unless there is com- 
plicating myocardial damage. 

DISEASES OF THE PULMONARY ARTERY 

The waves of the pulmonary artery resemble those of the aorta closely ; 
they are characterized by a rapid systolic outthrust succeeded by a grad- 
ual retraction, and the latter is interrupted by a prominent incisura. 
The diastolic collapse is somewhat more rapid than in the aorta. When 
the pulmonary artery shadow is increased in size as a result of disease the 
kymographic waves may vary, depending on the cause. 

Patency of the ductus arteriosus (Fig. 16) causes waves of large am- 
plitude in the pulmonary artery, reflecting an increased pulse pressure 
in the pulmonary circuit. This may be seen to extend to the larger 
branches in the hilar region. This phenomenon is known fluoroscopically 
as the ‘ ' hilar dance. ’ ’ 

With enlargement of the pulmonary conus secondary to mitral 
valvular disease the waves are of smaller amplitude than when the 
ductus arteriosus is patent, for the pulmonary artery is distended by a 
heightened diastolic pressure and its expansion is consequently limited 
(Fig. 17). 

Aneurysm of the pulmonary artery is a rare lesion which is demon- 
strated well by kymography. Prominent arterial pulsations are present 
over the aneurysmal area (Fig. 18). In another case of pulmonary 
artery aneurysm recently observed by one of us, in whicli the diagnosis 
was confirmed at autopsy, there were also large pulsations. The small 
amplitude of the pulsations in the case of pulmonary artery aneurysm 
recently reported by Brown, McCarthy, and Fine 21 may have been due 
to clotting within the sac. 

ARRHYTHMIAS 

Multiple-slit kymography is not well suited for the study of arrhyth- 
mias because of the short exposure usually employed. The type of grid 
devised by Cignolini 6 permits a prolonged exposure and is better for this 
purpose, although at best roentgenkymography gives much less informa- 
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tion than electrocardiography with respect to the arrhythmias. The heart 
rate and time of onset and duration of systole and diastole may be ac- 
curately determined with the multiple-slit grid. Fig. 19 illustrates a 
case of heart block. The ventricular waves are of unusually large ampli- 
tude, indicating an increased systolic discharge resulting from the slow 
ventricular rate. Multiple, prominent, auricular waves are present over 



Fig. 15 , — a, Aneurysm of the aorta ancl innominate artery. B, Roentgenkymogran 
no pulsations of the aneurysm. At autopsy the aneurysm was found to be 
densely laminated with mural thrombi. 

„ 16. — Patent ductus arteriosus. The pulmonary artery pulsations are of in- 

creased amplitude. 

17. — Mitral valvular disease. The pulmonic conus is prominent but the pulsa- 
uons are of lower amplitude than when the ductus arteriosus is patent. 
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the right heart border. Fig. 20 illustrates an cxtrasystolc, which is of 
smaller amplitude than the regular beat. 

Wolferth and Margolies 2 - demonstrated asynchronism in the onset of 
ejection from the two ventricles in bundle branch block by comparing 
the time of outthrust of the aortic and pulmonary arterial waves. Slight 
asynchronism between the two ventricles, of lesser degree, may occur 
normally. 23 A double peak in the ventricular wave has also been de- 
scribed in bundle branch block. 24 Some caution must lie exercised in in- 
terpreting the ventricular waves in bundle branch block, since in these 
cases the heart is usually enlarged and the seat of considerable myo- 
cardial damage, which of itself may significantly alter the ventricular 
waves. 



Fig. 18. — A, Aneurjsm of pulmonary aitery. B, Roentgenkymogi am shows piomi- 
nent pulsations. 

Fig. 19, — Heart block The ventucular wave is of large amplitude, indicating in- 
creased systolic ejection caused by the slow rate. 

Fig. 20. — Extrasystole. The extrasystole is prematuie and of smaller amplitude 
than the pieceding normal contraction. 
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SUMMARY 

Roentgenkymography is a simple method of graphically recording the 
movements of the heart and great vessels, permitting an accurate and 
detailed analysis of the sequence of events throughout the cardiac cycle. 
The record is obtained on a single film with a short exposure of 1.5 sec- 
onds and entails no discomfort or hazard to the subject. The pulsations 
of the heart are recorded in the form of waves. The waves of the aorta 
and pulmonary artery correspond to arterial sphygmograms, while the 
ventricular waves resemble experimental ventricular volume curves. 

In the interpretation of roentgenkymograms normal variations and 
certain important technical and physiologic factors must be considered 
before pathologic significance is attributed to changes which may be 
present. 

The waves undergo changes of diagnostic significance in various path- 
ologic states. The most important clinical application of kymography is 
in the detection of myocardial infarcts. Kymography may also be help- 
ful in the diagnosis of constrictive pericarditis, pericardial effusion, and 
diseases of the pulmonary artery, and in distinguishing pulsating from 
nonpulsating tumors of the mediastinum. It is of little value in cases of 
valvular lesions except aortic insufficiency, in which characteristic 
changes occur. 

While the method has limited clinical usefulness apart from these ap- 
plications, there are other reasons why it is valuable. It provides a direct 
and convenient method for studying and teaching certain aspects of 
human cardiac physiology which have hitherto required difficult animal 
preparations employing the myocardiograph and arterial sphygmograpli. 
In corroborating impressions of heart movement obtained by means of 
fluoroscopy it has given confidence to the radioscopist which is obtainable 
in no other fashion. It thus fills a definite need in the teaching field and 
should prove a most useful adjunct to fluoroscopic examination. 
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CORONARY EMBOLISM 
Report of Three Cases 

Curtis F. Garvin, M.D., and John L. Work, M.D. 
Cleveland, Ohio 

C ORONARY embolism was described by Yircliow 1 as early as 1856, 
but an exhaustive review of the literature, made by Saphir 2 in 1933, 
indicates that it is not a common condition, for he was able to find 
only eleven cases in which the diagnosis was satisfactorily proved. 
To these he added three of his own. The raritj" of this disease has 
been variously attributed to the difference between the caliber of the 
aorta and that of the coronary arteries; 3 the situation of the coronary 
vessels at the root of the aorta ; the right angle of emergence of the 
coronary arteries; the bulk and swiftness of the blood current in this 
portion of the aorta; 4 and the fact that the major part of coronary 
filling occurs in diastole. 2 

The emboli are usually detached portions of endocardial vegetations, 
fragments of arteriosclerotic plaques, or bits of disrupted mural 
thrombi, but they may consist of air, fat, tumor tissue, or inflam- 
matory tissue. The left coronary artery, and especially its descending 
ramus, is the vessel which is most commonly obstructed. As death fre- 
quently ensues shortly after the occlusion, associated myocardial 
changes are not often found when the autopsy is performed. Because 
it is not always possible to identify an embolus by gross or microscopic 
examination of the occluded vessel, it is important to demonstrate a 
possible source for the embolus. Furthermore, the obstructed artery 
must be free from other disease which would be sufficient in itself to 
cause the occlusion. If these two criteria are fulfilled, the diagnosis 
can be established with reasonable certainty even in those cases in 
which the embolus has the structure of an ordinary thrombus. 

The clinical diagnosis of coronary embolism is difficult because 
death is usually dramatically sudden. In Ihose rare instances in which 
the course is more gradual, the possibility should be considered if there 
is evidence of coronary occlusion in the absence of coronary artery dis- 
ease, and if a possible source for an embolus can be demonstrated. 

In the past twenty years there have been three instances of coronary 
embolism among 12,300 consecutive autopsies performed at Cleveland 
City Hospital. These eases are of particular interest, in that death 
was more or less gradual, and myocardial infarction had developed 
in two instances. 

Case 1. — ,T. 33., a white man, 42 years of age, who entered Cleveland City Hospital 
June 14, 1938, complained of chills and fever. He had been in good health until 
one month previously, since which time he had had malaise, anorexia, weakness, 
diaphoresis, and daily chills and fever. There was no history of rheumatic fever. 

,, From the Departments of Medicine and Pathology of Cleveland City Hospital and 
the School of Medicine of Western Reserve University. 
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Examination showed that the patient was normally developed, but emaciated 
and seriously ill. The temperature was 39.2° C., and the pulse rate was 100 beats 
per minute. There were several petechiae over the trunk. The lungs were normal. 
Auscultation of the heart revealed a loud, blowing, systolic murmur, heard best 
at the apex. The blood pressure was 108/60. 

The erythrocytes numbered 3,620,000 per cubic millimeter, and the hemoglobin 
was 55 per cent. The leucocyte count was normal. The urine was normal, and 
the blood Kline test for syphilis was negative. Fluoroscopic and roentgenographic 
studies of the chest showed that the heart was of normal size and shape. 

During the patient’s stay in the hospital the temperature varied between 36.7° 
C. and 40.5° C. On numerous occasions petechiae were present in the retinae and the 
skin. Nevertheless, twenty-three blood cultures were negative. Albumin, casts, 
leucocytes, and erythrocytes appeared in the urine. The hemoglobin fell to 3S per 
cent. Serial roentgenograms of the chest showed progressive enlargement of the 
heart ; the transverse diameter increased from 13.2 cm. to 16.5 cm. The greatest 
internal diameter of the chest was 34 cm. At no time did the patient complain of 
pain in the chest. An electrocardiogram taken July IS showed no abnormalities. 
He died August 17, on the one hundredth day after the onset of his illness. The 
clinical diagnosis was subacute bacterial endocarditis and acute focal glomerulone- 
phritis. 

Autopsy Findings . — (Autopsy No. A-12294, performed by Dr. T. C. Laipply, four 
hours after death.) The body was that of a normally developed but poorly 
nourished white man, approximately 47 years old. There was marked pallor of the 
skin and mucous membranes, and numerous petechiae and large ecchymoses were 
present in the skin and conjunetivae. The pericardial sac contained 25 c.c. of 
cloudy, amber fluid, and the lining surface was dull, gray, and covered by flecks of 
fibrin. 

The heart weighed 450 gm. All of the chambers were dilated. The wall ,of the 
right ventricle measured 4 mm. in thickness, and that of the left, 18 mm. The 
epicardium was covered bj- a dull, granular exudate. There was a fusiform bulge 
in the descending ramus of the left coronary artery. This measured 7.5 mm. in 
diameter, and was situated 7.5 cm. distal to the left coronary ostium. There was 
a similar, smaller bulge in the terminal branch of the left circumflex ramus, and 
another in the terminal branch of the right coronary arterj*. The exudate over 
these bulges was thicker than elsewhere, and small hemorrhages could be seen 
in the surrounding subepicardial fat. Sections through these bulges showed that 
in each instance the artery was plugged with soft, friable, mottled, yellowish- 
gray and pale-brown debris which was loosely attached to the intima. Proximal 
and distal to the occlusions the vessels contained only post-mortem blood clots 
and showed no arteriosclerosis. Involving the apex of the left ventricle and the 
interventricular septum there was a well-circumscribed infarct which measured 
6 cm. across. In this area the ventricular wall was thinner than elsewhere, and 
the muscle was mottled yellowish-brown and dusky gray. The endocardium lining 
all chambers was normal except in the region of the infarct, where it was thick- 
ened and opaque. The anterior mitral leaflet was severely deformed by bulky, 
grayish-brown vegetations which were firmly attached to its margin, and the 
central portion of the leaflet was ulcerated. The vegetations extended downward 
on the chordae tendineae to the tips of the papillary muscles, and a few of the 
chordae were ruptured. The posterior mitral leaflet was thickened at the right 
commissure, but was otherwise normal. The remaining valves showed no evidence 
of endocarditis. 

The aorta was of normal thickness and elasticity. There were edema of the 
lungs, cloudy swelling of the parenchymatous organs, and acute hyperplasia of 
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(he silicon. 'J'liore were infarcts of the spleen and both kidneys. The kidneys 
were large, swollen, and pule pinkish-yellow. Their surfaces were dotted with 
tiny hemorrhages, and the st nations as seen on the cut surfaces were indistinct. 
There were small peteehiae in the mucosa of the renal pelves, the urinary bladder, 
and the gastrointestinal tract. A few were seen in the pia-arachnoid over the 
frontal and parietal lobes. 

.Microscopic examination of a section of the affected portion of the anterior 
mitral leaflet showed that the vegetations had tin 1 characteristics of those of 
endocarditis lenta. They were composed of undulating layers of fibrin, necrotic 
debris, and bacteria which stained poorly. There were small areas of ulceration, 
tiny thrombi attached to the surface, and a gradual transition through granulation 
tissue into the substance of the valve leaflet. There was nothing to establish 
the existence of rheumatic endocarditis. Sections through the occluded arteries 
showed that they were distended with plugs of fibrin, debris, and bacteria identical 
with those in the vegetations. The lamina wore greatly enlarged. The walls were 
thin, ns if stretched, and were the seat of severe, acute, exudative arteritis. The 
surrounding fat was densely infiltrated by polymorphonuclear leucocytes, and 
the epieardium was covered by a thick layer of acute inflammatory exudate. 
Proximal and distal to the occlusions the coronary arteries were normal. The 
changes in the myocardium were those characteristic of a septic infarct. 

The kidneys were the seat of acute focal glomerulonephritis. Streptococcus 
virulans was recovered from the heart’s blood and from the vegetations on the mitral 
valve. 

The diagnosis was subacute bacterial endocarditis of the mitral valve, with dis- 
charge of emboli, occlusion of the left descending and terminal branches of the left 
circumflex ramus and right coronary artery, and infarction of the apex of the left 
ventricle. 

Cask 2. — ]•’. Z., a white man. -I t years of age. who entered Cleveland City Hospital 
Oct. .‘1, 1SI31, complained of fever and chills. The patient had been in excellent 
health until one month outlier, when he had begun to have malaise, weakness, 
anorexia, nausea, vomiting, severe generalized abdominal pain, lumbar backache, 
fever, and chills. Two days thereafter his legs started to swell and he became 
short of breath. After two weeks the abdominal and back pain decreased in 
severity, but the other symptoms became worse. There was no thoracic pain at 
any time. 

Examination showed that the patient was well developed and well nourished, 
but acutely ill. The temperature was •10° f'., the pulse rate was 120 per minute, 
and the respiratory rate was -10 per minute. There were numerous peteehiae in 
both conjunctivae. There wore rales in the bases of both lungs. The cardiac 
activity and sounds were feeble. A protodiastolic gallop rhythm was present, 
and there was a question whether or not a pericardial friction could be heard. 
The cardiac mechanism was normal, and the blood pressure was 100/(10. The 
abdomen was distended, and there was fullness in the region of the liver. The legs 
and sacral region were edematous. 

The erythrocyte count, hemoglobin value, and blood urea nitrogen level were 
normal. The blood Kline test for syphilis was negative. The leucocytes num- 
bered 11,000 per cubic millimeter. The urine contained albumin (grade 3) and 
leucocytes (grade 1). The blood culture yielded a Staphylococcus albus on two 
occasions. The electrocardiogram in the conventional leads showed an elevation 
of the ST segment in Load I and depression of the ST segment in Leads 11 and HI. 

The patient became progressively worse and died on the second hospital day. The 
clinical diagnosis was recent coronary thrombosis with myocardial infarction, myo- 
cardial insufficiency, septicemia due to Staphylococcus albus, and bronchopneumonia. 
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Autopsy Findings . — (Autopsy No. 7764, performed by Dr. C. J. Farinaeci, four 
hours after death.) The body was that of a well-developed, obese, white man, 
approximately 45 years old. There were numerous petechiae in both conjunctivae, 
but none was seen in the s"kin. The heart weighed 475 gm. and was moderately 
dilated. Except for a dull, granular, dark-red patch, 3 cm. in diameter, near the 
apex of the left ventricle, the epicardium was smooth and transparent. The 
myocardium was of normal color except in the anterior, apical portion of the 
left ventricle, where there was a recent infarct. The affected muscle was dark- 
red and softer than normal. The endocardium lining all chambers was smooth. 
The mitral leaflets were thickened and fibrotic, particularly along their free 
margins. The aortic leaflets were also thiekened, and nodular vegetations vary- 
ing in diameter from 1.5 to 5 mm. were attached to the margin of each. The 
tricuspid and pulmonic valves were normal. There were a few atheromatous 
plaques on the intima of the coronary arteries, but their walls were not sig- 
nificantly thickened. The lumen of the terminal branch of the left descending 
ramus was occluded by an embolus lodged just proximal to the infarct. 

The aorta was normal except for slight arteriosclerosis about the ostia of the 
intercostal arteries. There was passive hyperemia of the lungs and abdominal 
viscera. The spleen was the seat of acute hyperplasia, and recent infarcts were 
present in the spleen and both kidneys. Small hemorrhages stippled the mucosa 
of the renal pelves, the urinary bladder, and the gastrointestinal tract. The brain 
and spinal cord were normal. 

Microscopically, the lesion in the myocardium had all of the features of a 
septic infarct; there were many clumps of cocci in pairs and packets between the 
necrotic muscle fibers and in the capillaries. The coronary arteries beyond the 
occlusion showed small patches of intimal thickening and hyalinization, but in 
none of the sections examined had this disease significantly reduced the caliber 
of the lumen. The infarcts in the spleen and kidneys also contained clumps of 
bacteria. 

This was a case of acute endocarditis superimposed upon an old rheumatic 
endocarditis of the aortic valve, with an embolus plugging the terminal branch 
of the descending ramus of the left coronary artery and a septic infarct of the 
anterior, apical portion of the left ventricle. 

Case 3. — C. L., a white man twenty-six years of age, who entered Cleveland City 
Hospital Dec. 21, 1918, complained of “ heart trouble.” The patient was known 
to have had rheumatic heart disease since an attack of rheumatic fever at the age 
of 19. During the three months previous to admission he had had malaise, weak- 
ness, anorexia, night sweats, and fever, and had lost 45 pounds in weight. 

Examination showed that the patient was normally developed, but poorly nourished 
and acutely ill. The temperature was 38° C., and the pulse rate was 114 per minute. 
The eyegrounds and conjunctivae were normal. The heart was enlarged both to the 
right and left. There were systolic and diastolic murmurs at the apex and at the 
aortic area. The cardiac mechanism was normal, and the blood pressure was 148/78. 
The lungs were normal. The edge of the liver was 3 cm. below the costal margin; 
the spleen was enlarged to percussion but could not be palpated. 

Eoentgenologic examination of the chest showed that the heart was enlarged in 
all dimensions. The erythrocytes numbered 2,500,000 per cubic millimeter, and 
the value of the hemoglobin was 50 per cent. Urinalysis was negative except for 
albumin (1 plus). Numerous blood cultures failed to show any growth. 

The patient became progressively worse. The fever was intermittent, the tempera- 
ture varying from 36° C. to 39.5° C. On March 2 he complained of sudden, severe 
pain in the lower part of the left leg. The dorsalis pedis artery was found to be 
pulseless, and in the next two weeks the left foot and toes showed ischemic necrosis. 
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At. S:00 a.m. on April 27 the patient suffered severe upper thoracic pain which 
radiated to the epigastrium and was relieved only hv morphine. The following 
day, at 2:30 r.xr., he died suddenly. 

The clinical diagnosis was rheumatic heart disease with mitral stenosis and in* 
sufficiency and aortie insufficiency, cardiac hypertrophy and dilatation, bacterial 
endocarditis, and embolism of the left dorsalis pedis artery with ischemic necrosis of 
the toes of the left foot. 

Autopsy Findiuys . — (Autopsy No. 1100, performed by Dr. Maurice L. Diehard- 
son.) The body was that of a poorly nourished white man. There was ischemic 
necrosis of the loft foot and the great toe was mummitied. 

The heart weighed 030 gm. and was dilated, particularly on the right side. 
The cpieardinm was normal. The myocardium was pale and showed diffuse 
fibrosis, but there were no infarcts. The mitral valve was severely deformed, 
and the orifice measured only 2.5 cm. in diameter. Both leaflets were greatly 
thickened and the chordae tendineae were robust and rigid. There were bulky, 
gray vegetations on the free margins, with ulceration of both leaflets. The 
aortic leaflets were thickened, deformed, and fused at the left posterior com- 
missure. There were vegetations and ulcers on the posterior and left anterior 
lenflcts, and the process had extended into the aorta to a point 5 mm. above 
the aortic sinuses. The tricuspid and pulmonic valves wore anatomically normnl. 
At the bifurcation of the left coronary artery there was an embolus which com- 
pletely occluded the descending ramus. 

The thoracic and abdominal segments of the aorta were normal. The left 
posterior tibinl artery was partially filled with a soft necrotic mass. Its wall was 
ulcerated and had perforated at one point to give rise to a large hematoma be- 
tween the calf muscles. There was severe chronic passive hyperemia of the 
lungs and liver. The spleen was the seat of acute hyperplasia, and the spleen 
and left kidney contained septic infarcts. 

Microscopic sections revealed small collections of polymorphonuclear leucocytes 
scattered throughout the myocardium. These were usually situated in the sup- 
porting connective tissue, frequently near small blood vessels. The muscle 
fibers were large, and many of the nuclei had square poles. There was con- 
siderable fragmentation, but the strintions were preserved. The infarcts of 
the spleen and left kidney were typical, and random sections of the kidneys 
showed acute focal glomerulonephritis. 

The diagnosis was chronic rheumatic heart disease, superimposed subacute endo- 
carditis of mitral and aortic valves with extension of the vegetations upward 
about the ostia of the coronary arteries, and embolism of the left coronary artery 
with occlusion of the descending ramus. 


COMMENT 

Clinically, the first case was typical of subacute bacterial endo- 
carditis except, that numerous blood cultures were negative. There was 
nothing during life to suggest myocardial infarction or coronary 
embolism. The absence of pain would suggest that the infarction was 
painless or that the patient’s sensibility was so blunted that he did 
not appreciate pain. The electrocardiogram was normal but had been 
taken one month before death. Post-mortem examination, however, 
established the fact that coronary embolism was present. There were 
ulcerated vegetations on the mitral valve, and the embolus was his- 
tologically indistinguishable from these vegetations. The wall of the 
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coronary artery showed only such changes as were secondary to the 
embolus, and the resulting infarct was septic. The case was unusual 
in that death was not sudden, and infarction had occurred. The 
presence of three distinct emboli was also noteworthy. 

In the second case, clinically, there was evidence of infarction and 
septicemia; the two processes, however, were not thought to be re- 
lated. Post-mortem examination established the diagnosis in this case, 
also; the vegetative endocarditis of the aortic valve was an obvious 
source for the embolus, the wall of the occluded vessel was normal, 
and there was a septic infarct in the myocardium. 

In the third case, the sudden death of a patient known to have 
rheumatic heart disease, bacterial endocarditis, and embolic occlusion 
of an artery of an extremity might well have been thought to be due 
to coronary embolism, but sudden death in cases of heart disease can 
result from other causes, so that even in retrospect a clinical diagnosis 
of embolism would not seem justified. The ulcerative endocarditis 
of either the mitral or aortic valves was the source of the embolus, 
and no other cause for occlusion of the coronary artery was demon- 
strable. 

SUMMARY 

Three cases of coronary embolism were encountered among 12,300 
consecutive autopsies at Cleveland City Hospital. In none was the 
diagnosis made clinically. The source of the emboli in each instance 
was an ulcerative endocarditis of either the aortic or mitral valves. 
Myocardial infarction occurred in two cases. 

ADDENDUM 

Since this paper was submitted for publication, one of the authors (J. L. W.) 
has examined another case of coronary embolism at the St. Alexis Hospital of 
Cleveland, Ohio. The patient, a white man, 45 years of age, who was considered to 
have subacute bacterial endocarditis because a blood culture had yielded a growth 
of Streptococcus viridans, died suddenly while being moved in a wheel chair. The 
autopsy revealed hypertrophy and dilatation of the heart and subacute bacterial 
endocarditis of the aortic valve. Two emboli, composed of material identical with 
that on the heart valves, were present in branches of the descending and circumflex 
rami of the left coronary artery. The branch of the descending ramus was occluded 
at its origin, and the circumflex ramus at its bend into the posterior longitudinal 
sulcus. Proximal and distal to the occlusions both arteries were normal. There 
was no infarction of the myocardium. 
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BACTERIAL ENDOCARDITIS DUE TO TIIE STREPTOCOCCUS 

FECAL IS 

Rki’OHT or a Cask 


CONOKit WILLIAMS, Al.I ). 

Boston, Mass. 

T HE Stn plnvoccus viridans is commonly mentioned ns the causative 
organism in cases of subacute bacterial endocarditis (recurrent en- 
docarditis. endocarditis lentn), with occasional reference to the gono- 
coccus. influenza bacillus, and others, as organisms capable of producing 
the disease in rare instances. Careful search of the Index Medicus and 
Catalogue of the Army Medical Library revealed several reports of eases 
of enterococcal endocarditis, but none in which the Sin ptococcus fccalis 
was named as the causative agent. Since the enterococci comprise a large 
group, of which Slrtjdococnts ftcnlis is a member,* it is possible that 
several of the reported cases were caused by tin* halter organism. With 
one exception.- the reports appeared in foreign journals. The purpose 
of this paper is to present a case on the borderline between acute and 
subacute bacterial endocarditis, in which careful bacteriologic studies 
identified the causative organism as Shu ptococcus fccttlis. 

titrr]>torncrus ftcnlis was first described by Andrewes and Border, in 
3 JJOn. 3 and its classification worked out on the basis of earlier investiga- 
tions by Cordon (15)03-4). Andrewes and Border found the organism 
in the blond before and after death in four out of twenty-four cases of 
“malignant” endocarditis. They considered it an organism of rather 
feeble pathogenicity, closely related to Streptococcus stdirurius (a species 
of the viridans group), one passing into the other “by insensible grada- 
tions.” This conception of a very close relationship has been held by 
many later writers. It is hardly necessary to mention the difficulties 
involved in classifying the streptococci, nor will space permit a discus- 
sion of this problem. However, recent work by Sherman' makes possible 
a more decisive separation of Streptococcus feealis from members of the 
viridans group. 

Streptococcus fccatis belongs to the large group of streptococci known 
as the enterococci, which are characterized by heat resistance, bile toler- 
ance, and 1 he ability to ferment manitol. Sherman" points out the in- 
advisability of classifving streptococci by their action on blood alone. 
He considers as hemolytic only 1ho.se organisms which produce a clear- 
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toriolopv. Prof. R rt. D. Murray. Director, McGill University. Montreal. 
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cut beta hemolysis; all others, which produce the lesser degrees of 
hemolysis designated as alpha and gamma, are considered nonhemolytic. 
Thus both Streptococcus viridans (alpha hemolysis) and Streptococcus 
fecalis (gamma hemolysis) fall into the “nonhemolytic” group, and 
Sherman has stated that “the question of how frequently strains of 
Streptococcus viridans isolated from cases of endocarditis are in fact 
organisms of another group is as yet unanswered.” Kecently, further 
evidence, based on serologic reactions, justifying the division of the 
enterococci from the viridans group has been offered by Sherman, 4 who 
sought to extend the unpublished observations of Lancefield (1937). 
She had found that cultures of Streptococcus fecalis and Streptococcus 
liquefaciens, both members of the enterococcus group, belonged sero- 
logically to the Lancefield Group D. Sherman worked with more than 
fifty cultures of Streptococcus fecalis, identified by physiologic studies. 
The strains were taken from human feces, milk, ice cream, and cheese, 
and they included organisms from the blood in this case, sent by Dr. 
E. G. D. Murray. In each instance, the strains were found to belong 
to Lancefield Group D. Furthermore, similar work done on Sir. 
liquefaciens and Sir. clurens, both recognized members of the entero- 
coccus group, placed those organisms in Lancefield Group D. Str. 
zymogenes, a fourth recognized species of enterococcus, was first used to 
establish Lancefield Group D. Members of the viridans group (Str. 
salivarius, Str. equinus, etc.) are serologically heterogeneous. 

REPORT OF CASE 

History. — Mrs. B. L., a French Canadian, aged 30, was admitted to the service 
of Dr. C. F. Moffat, Royal Victoria Hospital, Nov. 15, 1937. She had had attacks 
of fever with polyarthritis, diagnosed as rheumatic fever, which began at the age 
of three and recurred every winter for ten years. At the age of seven, she had 
severe choreiform movements and extreme nervousness, necessitating her admission 
to a hospital. At the age of 25 she had another attack of polyarthritis and fever. 
Three years later, at the age of 28, she became pregnant and began to show signs 
of cardiac decompensation. She was dyspneic and orthopneic and was forced to 
spend a long period in bed following delivery. She then enjoyed fairly good health 
until August, 1937, two years later, at wliich time she had a spontaneous abor- 
tion in the second month of pregnancy. In the same month, two feet of segmented 
fiatworm were passed after the administration of an anthelmintic. In the middle 
of September, 1937, she had an attack of acute polyarthritis involving the left 
extremities, associated with weakness, anorexia, and nausea with occasional vomit- 
ing. After two weeks of rest in bed the polyarthritis disappeared, but during the 
succeeding two weeks the number of her bowel movements increased to three or 
four a day, defecation was accompanied by tenesmus, and the stools were watery 
and green. At the same time she began to notice rather severe pain in both upper 
quadrants of the abdomen. This state of affairs continued until the day of her 
admission to the hospital, Nov. 15, 1937, two months after the onset of the at- 
tack of acute polyarthritis. She observed a tender, slightly reddened elevation 
on the medial surface of her right thumb one week prior to admission, and a 
change in the appearance of her urine, which became the color of porter four 
days before admission. There had been a weight loss of 15 pounds in the two pre- 
ceding months. 
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Two brothers and one sister had had rheumatic fever. The past history and 
functional inquiry revealed nothing of additional significance. 

Physical Examination . — The temperature was 9S°F., the pulse rate 120, and the 
respirator}' rate 45. The patient was an emaciated and pale y'oung woman, marked- 
ly dyspneic. The skin had the so-called cafe-au-lait appearance, but this was said 
to be her usual color. There was slight clubbing of the fingers, but no peripheral 
edema. The teeth were carious, and there was a marked gingivitis. Examination 
of the cardiovascular system revealed a rapid, regular pulse of poor volume; pulsa- 
tion of the neck veins; an apical diastolic thrill; enlargement of the heart to per- 
cussion; a loud, booming first sound with a mitral presystolic murmur at the 
apex; a soft, blowing diastolic murmur at the pulmonic area; and softening of the 
aortic second sound, with a suggestion of a diastolic murmur. The blood pressure 
was 10S/52. The chest expanded normally on both sides. There were fine crepita- 
tions at the left base posteriorly, but the lungs were otherwise normal to percus- 
sion and auscultation. There was generalized tenderness over the abdomen, and 
the liver and spleen were palpable below the costal margin, the former for a 
distance of four, the latter for a distance of three, fingerbreadths. Examination of 
the locomotor and nervous systems contributed nothing of (diagnostic) significance. 
No petecliiae were seen at any time. The clinical impression formed from the 
above findings was that she had rheumatic heart disease of long standing, with a 
moderate degree of decompensation, mitral stenosis and insufficiency, aortic insuf- 
ficiency, and subacute bacterial endocarditis. 

Laboratory and Special Examinations . — The urine was acid in reaction, had a 
specific gravity of 1.020, and contained albumin (4 plus), acetone (2 plus), 6 to 10 
leucocytes per high-power field, and great numbers of erythrocytes. The hemoglobin 
was 5S per cent (9 gm.), the erythrocyte count 3,400,000 and the leucocyte count 
12,000. The uric acid content of the blood was 4.84 mg. per cent, the nonprotein 
nitrogen, 44 mg. per cent, the total protein nitrogen, 940 mg. per cent, and the 
sugar, 159 mg. per cent. The electrocardiogram showed normal rhythm, normal 
A-V conduction time, low voltage of the Q11S complexes, and depression of the 
S-T intervals in Leads I and II. A blood culture taken on the day of admission 
yielded a pure culture of organisms which were at first placed tentatively' in the 
enterococcus group because of their heat resistance. Further physiologic studies 
identified the organism as Streptococcus fccalis. A strain was sent to Dr. J. M. Sher- 
man, who confirmed the classification and carried out the studies mentioned above, in 
which this organism, along with others of the same species, was found to belong to 
Lancefield Group D. Another blood culture, taken a few days later, gave identical 
results. 

Progress . — The patient grew steadily worse, and died November 25, ten days 
after admission and approximately ten weeks after the onset of the final episode. 
The temperature fluctuated between 101 and 104° F., with progressive pallor, weak- 
ness, and prostration, and increasing splenomegaly', abdominal tenderness, and 
distention. 

Autopsy . — The heart was not enlarged (300 gm.). Focal fibrous pericardial 
adhesions were seen between the pulmonary' artery' and right auricular appendage. 
The left ventricular myocardium was dark red, soft, and its wall measured only 
1 cm. in thickness. The mitral valve showed diffuse thickening of the cusps and 
slight narrowing of the orifice (8 cm.), with projecting, friable, pale gray poly'poid 
vegetations along the free edge, almost filling the valve opening. The anterior and 
left posterior cusps of the aortic valve were thickened and fused, presenting at the 
point of fusion many smaller, but similar, vegetations. 

Microscopic Examination . — Sections from the left ventricular wall showed a 
focal productive myocarditis, with occasional nodules of large, pale cells lying in 
perivascular tissue. No Aschoff bodies were seen. Sections from the left auricle 
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showed marked fibious thickening of the endocardium and some liypei trophy of the 
muscle. Examination of the polypoid vegetations and the underlying valvular 
tissue levealed marked, hyaline, fibrous-tissue thickening of the valve, sui mounted 
by a large mass composed of laminated fibrin containing many disintegrating 
leucocytes, and a zone of granulation tissue. There was a marginal mass of fibrin 
containing many cocci arranged in short chains and pairs, staining a deep blue 
with Gram’s stain. There were several other interesting autopsy observations. The 
spleen was only slightly enlarged (155 gm.), and showed an extremely soft, necrotic 
middle third, with the capsule everywhere intact. The microscopic appearance was 
typical of infarction. 

The peritoneal cavity contained 100 c.c. of thick, purulent material, and the 
parietal peritoneum over the left lateral and posterior surfaces showed a diffuse 
reddening which involved loops of bowel, as well. The spleen was attached to the 
diaphragm above, and to the transverse colon below, by fragile, fibrinous adhesions. 
These findings pointed to a direct relationship between the large splenic infarct 
and the peritonitis. 



Fig. 1. — Low-power view of mitral valve with recent vegetation. A, recent vegeta- 
tion (fragmented) ; B, wall of left ventricle; C, greatly thickened mitral valve (old 
productive endocarditis). 

E'acli pleural cavity contained approximately 250 c.c. of slightly bloodtinged, 
turbid fluid. Both lungs showed a patchy pneumonia. 

The small bowel showed scattered areas of injection, and contained a long, yellow 
tapeworm, identified as Taenia saffinata. The head of the worm was not attached 
to the mucosa of the bowel at the time of autopsy. 

One of the mesenteric arteries showed panarteritis with thrombosis, but there 
was no evidence of infarction in the area of small bowel supplied by that artery. 
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A typical, focal, exudative nephritis was present, together with a small, anemic 
infarct in the right hiilney. 

The liver was the seat of passive congestion. 

The brain showeil scattered capillary thrombi and small perivascular hemor- 
rhages. 

Bacterial cultures taken from the valvular vegetations at autopsy yielded a 
pure growth of Sin ptnromis ft nil is. 

.■hinloniir Piatinnsix . — Productive and librinous polypoid endocarditis, mitral and 
aortic valves; mitral stenosis: focal productive myocarditis; productive pericarditis, 
localized: patchy pneumonia, bilateral: massive septic infarct, spleen; fibrinous and 
purulent peritonitis; tapeworm, small intestine (Tot nut smiitutln ) ; focal exudative 
nephritis; septic infarct, right kidney; passive congestion, liver; panarteritis, 
mesenteric artery, with septic thrombosis. 



2. lIlRh-|><nver view of mitral vegetation. Disintegrating leucocytes are held 
in a tllirln mcshworlt. 

DISPPSSIUX 

J liis cusp stands on (lie borderline between acute and subacute bac- 
terial endocarditis. There was a history of previous rheumatic valvular 
disease, lollowed by an attack which had rat her vague beginnings and 
ended itt death, alter running a course of approximately nine to ten 
weeks. T he final illness was characterized, chiefly, by weakness, lassi- 
tude, dyspnea, anemia, vague pains, fever, loss of weight, clubbing of the 
fingers, and hv outward evidences of embolic phenomena, enlargement 
of the spleen, and hematuria with albuminuria. Petochiae were not ob- 
served while the patient was in the hospital. However, she noticed a 
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tender, red elevation on her right thumb one week before admission. 
This may have been an Osier’s node. The autopsy findings confirmed 
the clinical diagnosis. 

Another feature worthy of note was the peritonitis, which was con- 
fined mostly to the left side and apparently related to a massive splenic 
infarction. Several instances of peritonitis following rupture of the 
spleen in cases of subacute bacterial endocarditis have been reported, but 
in this case the capsule of the organ was found intact at autopsy. It is 
reasonable to suppose that the infecting organisms passed from the 
necrotic infarcted area through the capsule to the abdominal cavity. 
Clinical examination revealed that abdominal tenderness and rigidity 
of the abdominal muscles were observed several days before death. 

Of interest also, was the discovery of a long tapeworm in the small 
intestine. This may explain the diarrhea, which was of fairly long 
standing. 

The isolation of Streptococcus fecalis from the blood stream in life, 
and from the mitral vegetations at autopsy, is the most noteworthy 
feature. It raises a question, discussed briefly above : How frequently 
is subacute bacterial endocarditis caused by Sir. fecalis or other organ- 
isms of the enterococcus group? Judging from the literature, the oc- 
currence is rare. There is some reason to believe that it may be more 
frequent than is generally suspected, as careful bacteriologic work is 
necessary for the proper identification of the organism. 

SUMMARY 

1. A case of Streptococcus fecalis endocarditis, with autopsy findings, 
in a 30-year-old woman with rheumatic valvular disease, is reported. 

The organism was isolated from the blood stream during life, and from 
the heart valves at autopsy. 

2. Peritonitis caused by splenic infarction without rupture of the 
spleen was observed. 
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THE CARDIAC MECHANISM IN A FATAL CASE OF ACUTE 

THYROTOXICOSIS 


Alfred W. Harris, M.D., Dallas, Texas, Francis F. Rosenbaum, M.D., 
and Albert C. England, Jr., M.D., Boston, Mass. 

T I-IE role of the thyroid gland in the production of cardiac dysfunc- 
tion, and even cardiac failure, is well recognized. That the cardiac 
derangement may he the only apparent clinical manifestation of hyper- 
thyroidism was brought out hy the investigations of Levine and Sturgis, 
in 1924. 1 Recently we have been afforded the opportunity of observing 
the terminal cardiac mechanism during a thyroid crisis which ended 
fatally. The electrocardiographic studies were made during the last few 
hours of life, and we believe that they record the mode of cardiac death 
in thyroid crisis more accurately than tracings 2 which have shown only 
the last few heart heats after the patient was, from the clinical point of 
view, dead. 

CASE REPORT 

B. W. S., Med. No. 5-1135, a -11 -year-old, unemployed white man, entered the hos- 
pital for the first time Dee. 27, 1 DBS, complaining of generalized weakness. Tie had 
been well until October, 1938, at which time he noted the onset of a nonproductive 
cough, mild fever, and generalized prostration, severe enough to confine him to bed 
intermittently. Fluoroscopic, and roentgcnographic examinations of the chest were 
reported as negative by his family physician, lie became increasingly irritable, 
apprehensive, and fatigued. In December, 19.9S, he had a low-grade, intermittent 
fever, associated with a systolic murmur at the apex, but without other cardio- 
respiratory symptoms. He had been sleeping well, had had only a fair appetite, and 
had lost approximately twenty pounds in the preceding two years. The past history 
was unimportant. The family history was significant only in that his father had 
died of angina pectoris and his mother had active pulmonary tuberculosis. The 
marital and social history revealed much domestic, conflict. He had been unemployed 
for two years, during which time lie lmd been dependent upon friends and relatives. 

Physical Examination . — The patient was a restless, well-developed, well-nourished, 
middle-aged man. He was agitated, but his speech was coherent and his mentality 
clear. His temperature was 99.2° F., his pulse rate 9G, and his respiratory rate 25. 
The skin was warm and moist. The palms, axillae, and groins were bathed in sweat. 
Examination of the eyes, including the fundi, was negative. There was no exophthal- 
mos or lid-lag. The thyroid gland was not enlarged to palpation, and presented no 
bruit. The lungs were negative. The heart was not enlarged; the apex impulse was 
forceful and diffuse. The rctromanubrial dullness was not increased. The cardiac 
rhythm was normal. The first sound was snapping in character, with a moderately 
loud systolic murmur, most intense at the apex. There were no diastolic murmurs, 
the blood pressure was 170/100. The deep reflexes were hyperactive, but equal. The 
extended fingers showed a fine tremor. The remainder of the examination was nega- 
tive. 
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Laboratory Examination. — The urine, blood, and stool were normal. The blood 
Wassermann reaction was negative. The corrected sedimentation rate was within 
normal limits. Streptococcus liemolyticus skin tests showed the presence of sensi- 
tivity. Two blood cultures remained sterile. The basal metabolic rate (Dee. 29, 1938) 
was plus 32. Roentgenologic examination of the chest was negative, showing no 
evidence of substernal thyroid enlargement. 

Clinical Course. — The patient’s course in the hospital was uneventful. The pulse 
rate ranged between 90 and 100 during his four-day stay. He was thought to have 
mild hyperthyroidism and was advised to remain for further observation to confirm 
the diagnosis. However, on his wife’s insistence, he left the hospital against advice, 
with permission to return. 

(Second Admission, Med. No. 54430). The patient re-entered the hospital Feb. 
11, 1939. During the interim, after feeling well for one week after discharge, he 
had suffered a recurrence of all his previous symptoms. Nervousness was now as- 
sociated with sleeplessness and mild palpitation. He had maintained his weight, 
although his appetite remained only fair. Two days prior to entry he was in an 
automobile accident in which he suffered no obvious physical trauma. However, he 
claimed to have undergone a severe emotional shock, necessitating liis confinement to 
bed. Subsequent information revealed that a damage suit had been instituted. 

Physical Examination. — The patient was much more agitated and voluble than 
on his first admission. One observer felt that there was slight exophthalmos. The 
thyroid now showed slight diffuse enlargement but presented no bruit. The heart 
was essentially the same as at the first examination. The blood pressure was 122/68. 
The heart rate was 125, the rhythm normal. The tremor of the fingers was more 
noticeable. The remainder of the examination revealed nothing not present on the 
first admission. 

Laboratory Examination. — The basal metabolic rate was plus 65 and plus 70, on 
Feb. 13 and Feb. 14, respectively. Other studies slxowed nothing abnormal. 

Clinical Course. — The patient’s condition remained essentially unchanged until 
the evening of Feb. 14, at which time he became very agitated, jumping in and out 
of bed, attempting to leave the hospital, weeping loudly, and apparently suffering 
from an acute hallucinosis. He became unmanageable, and required sedatives and 
restraints. On Feb. 15, the administration of Lugol’s solution, in doses of 10 
minims three times daily, was begun. He continued to be hyperactive despite the 
administration of sedatives, and fluids parenterallv. Some observers felt that lie 
was suffering from a toxic delirium, possibly secondary to his repeated medications 
rather than to his hyperthyroidism. Accordingly, all medications except iodine 
were withdrawn for a twelve-hour period, and fluids were forced parenterally. He 
continued to grow worse on this regimen. It became necessary to use paraldehyde 
in frequently repeated doses. On Feb. 17 and IS, Lugol’s solution was given intra- 
venously in 3.0 c.c. doses, in addition to that given orally. Wien not under the 
influence of sedatives, the psychotic manifestations reappeared. During this period 
of time the temperature ranged between 9S.2° and 100.4° F., the pulse rate between 
90 and 125, the respiratory rate between 30 and 45, and the blood pressure re- 
mained near the admission level. 

On Feb. IS, at 10:40 P.M., the radial pulse suddenly became thready, and the 
patient appeared dusky and cyanotic. The respirations were rapid and shallow, 
remaining so in spite of the administration of oxygen intranasally. Auscultation 
of the heart revealed a regular apical rate of ISO, uninfluenced by vagal stimulation. 
At 10:50 p.m., the heartbeat had become absolutely irregular, with a ventricular 
rate between 250 and 325 (Fig. In). At 11:00 P.M., the cardiac mechanism abruptly 
changed spontaneously to a slow normal sinus rhythm, with a rate of 79.6 (Fig. 
Ih). Thereafter the rate increased gradually until a dominant rate of 195 became 
established (Fig. lo and d). The blood pressure at this time was 110/70. At 
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Il.-.'iO P.M., 10 (0.5 pm.) of “digalen” were ad minis) cred intravenously. Aus- 

rultntion and serial elect rocimliograms revealed no changes in tlie cardiac incclianisin. 
A second 10 o.e. (0.5 pm.) dose of “digalen” was injected intramuscularly at 
12:45 a.m. An eleclrocardioprain fifteen minutes later revealed persistence of the 
normal sinus tachycardia, with a rate of 145.2 (Fip. le). At 1 :04 a.m., he sud- 
denly became very cyanotic, the heart sounds became very weak and distant, and 
the blood pressure unobtainable. At this time the apical rate was 100. "Within 
two minutes, coarse bubblinp rfdes appeared throuphout. both lungs, the heart tones 
were not heard, and respirations ceased. Artificial respiration and stimulants were 
of no avail. Electrocardiograms taken during this final interval (Fig. 1 / and g) 
revealed marked sinus bradycardia and ventricular standstill. 

Summary of Post-mortem Examination. — The heart weighed 350 pm. There was 
no evidence of enlargement, hypertrophy, or dilatation. The valves were thin, mem- 
branous. freely movable and showed no vegetations. The posterior cusps of the 
aortic valves were fused for a distance of 0.S centimeter; the valve margins were 
not rolled. The myocardium was a deep reddish brown, with no evidence of fibrosis 
or infarction. The coronary arteries were patent. Lungs: The right lung weighed 
550 gm., the left, 020 gm. The cut surfaces of the lungs showed uniform, marked, 
passive congestion, without evidence of pneumonia. The liver weighed 1540 gm. Its 
consistency was soft, and it had a light reddish-brown color and a faintly granular 
surface. The capsule was thin, shiny, and glistening. The cut surface showed a 
sharp edge, with well-differentiated liver markings due to congestion and closely 
resembling the nutmeg mottling of cardiac cirrhosis. There was no evidence of 
bile stasis, foci of necrosis, or thrombosis. The thyroid gland weighed 57 gm. It 
was symmetrically enlarged, with evidence of hyperplasia and increase in colloid. 
There was a small cystic area at the right upper pole, but no evidence of fibrosis or 
inflammation. 

Microscopic Examination. — The myocardium showed no inflammatory reaction or 
increase in connective tissue stroma. There was considerable edema of the in- 
terstitial tissues. Xo Aschoff bodies were seen. No areas of true degeneration of 
muscle fibers were found. Lungs: The veins were moderately engorged. The 
alveolar walls were slightly swollen. Liver : There was an apparent increase in 
connective tissue in many of the central areas. There were recent infarcts of vary- 
ing size, about central or mid-zone in location; the cord cells in these areas were 
pale red, the erythrocytes having faded. Xo thrombi were seen. There was no in- 
crease in periportal connective tissue. Thyroid: The acini varied in size and shape: 
most of them contained large masses of desquamated epithelial cells, mixed with 
colloid varying from pale pink to deep blue. Better preserved acini showed infold- 
ing of epithelium, and its tall columnar type was evident. The stroma was not 
increased. 

Anatomic Diagnosis . — Hyperplasia of thyroid, with slight iodine involution; edema 
of lungs; focal infarcts of liver; passive congestion of lungs, liver, spleen, and kid- 
neys; cirrhosis of liver (cardiac); hyperplasia of thymus; hyperplasia of aberrant 
thymus; congenitally bicuspid aortic valve. 

DISCUSSION 

The frequency of paroxysmal auricular fibrillation in hyperthyroidism 
has been commented upon by many investigators, among them Barker, et 
al., :{ Nicholson , 4 Ernstene and Mulvev/’ and Hay . 0 In our case the car- 
diac mechanism remained normal, although the rate was rapid, until the 
terminal episode, during which paroxysmal auricular fibrillation with 
an extremely rapid ventricular rate appeared. It was observed that, 
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just prior to the first electrocardiogram here reproduced, the heart rate 
changed abruptly from 125 to 180. The heating was regular, there was 
no pulse deficit, and vagal stimulation was without effect. Within ten 
minutes the beating became completely irregular. The electrocardio- 
gram taken at that time (Fig. la) shows auricular fibrillation with a 
ventricular rate ranging between 250 and 300; in places, small groups 
of beats reached a rate of 325. At one point in Lead I (marked X), 
there are two consecutive beats which we interpret as ventricular extra- 
systoles. They resemble beats which inaugurate ventricular tachycardia. 
Following the maintenance of fibrillation at this rapid rate for ten min- 
utes, there was an abrupt, spontaneous change to a slow, normal, sinus 
rhythm (Fig. lb), which became progressively more rapid until it 



Fig. 1. — Electrocardiographic records during final hours of life in a case of acute 
thyrotoxicosis, a, 10:50 P.M., auricular fibrillation, ventricular rate 250 to 82 5. ven- 
tricular extrasystoles marked X in Lead I. b, 11:01 p.m., normal sinus rhythm, ven- 
tricular rate 79.5, "with peculiar, short duration of R-T complex, c, 11:02 p.m-, sinub 
tachycardia, ventricular rate 125.8. d, 11 :25 p.m., sinus tachycardia, ventricular rare 
196. G. e, 1:00 a.m., patient had received 20 c.c. (1.0 gm.) of “digalen, ’ sinus traeny- 
cardia, ventricular rate 145.2. /, 1:05 a.m., the dying heart, g, 1:06 a.m., two minutes 
after death had occurred, as ascertained clinically. 
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reached a rate of 195.6 (Fig. lc and d). This sinus tachycardia was 
only slightly affected by digitalis (Fig. lc), which is the type of re- 
sponse to the drug observed by Barker, et ah, 3 Nicholson, 4 and Grant 7 
in cases of hyperthyroidism. After the rate had been maintained for 
ninety-five minutes, the heart gradually slowed, and the terminal cardiac 
mechanism can be seen to be one of bradycardia and ventricular stand- 
still (Fig. 1 / and (j). It is of interest to note that in all of the records 
in which there is a normal response to the auricular impulse, the dura- 
tion of the R-T complex is quite short, even when the heart rate is 
very slow. 

A review of the literature discloses only a few imports concerning the 
exact character of the terminal cardiac mechanism in hyperthyroidism. 
Goodall 8 was of the opinion that ventricular fibrillation was the actual 
cause of sudden death during acute thyrotoxicosis following operation 
upon the thyroid gland. Cookson 0 concluded that sudden death in cases 
of auricular fibrillation associated with various types of heart disease 
was due to fibrillation of the ventricles. "Willius, et al., 10 McEachern 
and Rake, 11 and Hamilton 12 have reported scries of patients observed 
clinically, and have described the mode of death in thyroid crisis. Their 
reports agree, in that the majority of the patients showed no clinical 
evidence of congestive failure, a fact borne out in the case here pre- 
sented. Their case reports are uniform, in that all of the patients had 
rapid heart rates, though there was no consistency about the nature of 
the cardiac mechanism. However, in none of these published reports 
are we able to find electrocardiographic observations of the actual, final, 
cardiac mechanism. Levine 13 has pointed out that, viewing the ar- 
rhythmias of hyperthyroidism as a whole, the great majority are auric- 
ular in origin. The terminal cardiac mechanism in this case can be seen 
to be a rapid auricular arrhythmia, followed by bradycardia and ven- 
tricular standstill. It is suggested that death was due to exhaustion of 
the myocardium. 

The authors wish to acknowledge their appreciation of the valuable suggestions 
and assistance of Dr. Samuel A. Levine in this study, and of the aid of Dr. G. 
Darrell Ayer in the review of the pathologic material. 
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Plotz, Milton: Asthmatoid Heart Failure; a Form of Left Ventricular Failure and 
Its Differentiation From Bronchial Asthma by Circulation Time and Other 
Criteria. Ann. Int. Med. 13: 151, 1939. 

Wheezing respiration is common in left ventricular failure. It may occur 
without basal rales (“astlimatoid heart failure”) in which case it closely simu- 
lates allergic asthma in symptoms, physical signs, and response to adrenalin. 

The pathogenesis is discussed and illustrative cases are given. 

The quickest and easiest method of determining whether or not a case of 
paroxysmal dyspnea is cardiac in origin is by means of a study of the circulation 
times which show decreased blood velocity in the pulmonary circuit. Arm-to- 
carotid (cj r anide) and arm-to-lung (ether) times may be quickly and accurate!}' 
determined at the bedside. They are more reliable in the differential diagnosis 
than determinations of the venous pressure. 

Author. 

Dry, Thomas J., and Willius, Fredrick A.: Interpretation of the Electrocardi- 
ographic Findings in Calcareous Stenosis of the Aortic Valve. Ann. Int. Med. 
13: 143, 1939. 

The electrocardiographic findings in 17C cases of calcareous stenosis of the 
aortic valve are presented. The records were analyzed with special reference to 
graphic configurations conforming to the generally accepted laws of predominant 
ventricular strain. A very high correlation between electrocardiographic varia- 
tions and pathologic lesions was disclosed for the post-mortem material, only eight 
cases proving to be exceptions to the rule. 

In clinical cases the same opportunity for comparable correlations was ob- 
viously not afforded, although a similar tendency toward correlation was disclosed 
when the data on the post-mortem cases were applied to them. 

Auricular fibrillation occurred infrequently, only twenty-five instances (14.2 
per cent) being recorded for the entire series. In six cases auricular fibrillation 
occurred in the presence of mitral stenosis and aortic insufficiency, and in seven 
other cases in the presence of aortic insufficiency alone. 

Authors. 

Holwig, Ferdinand C., and Wilhelmy, Ellis W.: Sudden and Unexpected Death 
From Acute Interstitial Myocarditis: A Report of Three Cases. Ann. Int Med 
13: 107, 1939. 

Three cases of acute interstitial myocarditis causing sudden and unexpected 
death are reported. In all instances a laborious microscopic examination of the 
myocardium was necessary before the lesion was found. The necessity for pains- 
taking histologic investigation of the myocardium in sudden death is obvious. 

Acute interstitial myocarditis may be the sole cause of sudden and unexpected 
death. 
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Lowell, T. C.: The Significance of Myocardial Scars in the Human Heart. J. 

Path. & Bact. 49: 195, 1939. 

In a series of five cases, myocardial scars in the ventricle were reconstructed 
and are described in detail. These scars were shown to have an anatomic position 
consistent with their being a portion of one of the various muscle groupings of 
the ventricles. It is suggested that they represent the end stage of a type of 
myocardial infarction due to interference with the blood supply to a portion of 
a muscle bundle though not necessarily the result of coronary thrombosis of 
embolism. 

Author. 

de Navasquez, S.: The Incidence and Pathogenesis of Myocardial Lesions in Sub- 
acute Bacterial Endocarditis. J. Path. & Bact. 49: 33, 1939. 

Myocardial lesions whose characteristics have been defined, were encountered 
in nineteen out of twenty cases of subacute bacterial endocarditis. 

These lesions develop as a result of embolism of the coronary arteries of 
arterioles by fragments of vegetation which vary in size and bacterial content. 
They are specific only insofar as they show evidence of embolism and poly- 
morphonuclear reaction. 

No relationship was demonstrated to the degree of cardiac failure, the heart 
valve affected, the character of the vegetation, or the duration of the disease. 

Author. 

Pernando, P. B.: Rheumatic Heart Disease as Met With in Hospital Practice in 

Ceylon. Quart. J. Med. 8: 261, 1939. 

The autopsy records of the General Hospital in Colombo, for the period of 
July, 1934, to November, 1937, have been studied for evidence of rheumatic 
carditis. The records of 215 patients admitted for rheumatic infections into the 
wards under the care of the author during this same period have been studied 
from the clinical point of view. 

The post-mortem incidence of rheumatic carditis appears to be the same in 
Colombo General Hospital as in Guys and St. Mary's Hospitals in London. The 
incidence, manifestations, virulence, and progressiveness of the disease seem to 
be very little different from what they are in temperate climates. 

The incidence of rheumatic infections was 2.2 per cent of the total admissions. 
The incidence of rheumatic carditis was 1.4 per cent of the total admissions and 
21.5 per cent of cardiovascular admissions. Approximately one-third of the 
rheumatic cases had no evidence of carditis, while two-thirds had evidence of carditis. 
The above figures agree closely with similar figures for the five general hospitals 
in Victoria, Australia. 

The clinical manifestations of rheumatic arthritis were in no way different from 
those of the conditions diagnosed as such in temperate climates. 

The tendency to the occurrence of carditis was similar. Adolescents and young 
adults were those most liable; the manifestations of the carditis were also similar. 
Valvular lesions predominated as in other countries. 

The commonest valvular lesion was mitral stenosis, and next in order of fre- 
quency came aortic regurgitation. Mitral lesions were eight times as numerous 
as aortic lesions. 

Clinically evident pericarditis occurred in 6.9 per cent of the cases of rheumatic 
carditis. 
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Auricular fibrillation occurred in nearly a quarter of the patients above tlio age 
of 30 years who showed evidence of carditis. About two-tliirds of the cases of 
auricular fibrillation were in patients with mitral stenosis. Auricular fibrillation 
and flutter therefore occurred in 1G per cent of all the cases of rheumatic carditis. 

Uncomplicated rheumatic arthritis was commoner in males than in females, 
but carditis both in the acute and chronic forms occurred more frequently in the 
female. 

Over four-fifths, both of the cases and of the deaths, were in patients below 
41 years of age. The heaviest incidence was in the two age groups between 21 
and 40 years. The above figures show that in Ceylon also rheumatic carditis is 
a disease of adolescence and early adult life, and the majority of patients so 
affected die before the}' reach the age of 40 years. 

There was no greater susceptibility to rheumatic infection in any one of 
the races inhabiting the island. 

All the cases studied were in the poorer classes of the population, and factors 
common to all were overcrowding and malnutrition. 

The incidence of chorea in this series was only one-tliird of that in Victoria, 
Australia. 

Subcutaneous rheumatic nodules were not met with; the}' are supposed to be 
rare in Ceylon. 

Author. 

Wood, J. Edwin, Jr., and Cash, Janies R.: Obesity and Hypertension: Clinical 

and Experimental Observations. Ann. Int. Med. 13: SI, 1939. 

The literature indicates a definite association between obesity and systolic 
blood pressure elevation in a fair number of instances. 

Systolic blood pressuro in normal and hypertensive dogs rises with weight 
gain and falls with weight loss, while diastolic pressure varies little. 

These observations do not indicate that obesity is a cause of essential hyper- 
tension but support the idea that overweight may be a factor of importance in 
the elevation of systolic blood pressure. 

Authors. 

Williams, Denis, and Lennox, William G.: The Cerebral Blood-Flow in Arterial 

Hypertension, Arteriosclerosis, and High Intracranial Pressure. Quart. J. Med. 

8: 185, 1939. 

Simultaneous samples of blood were obtained from an artery and from an in- 
ternal jugular vein in forty patients with high intracranial pressure, arterial 
hypertension, or cerebral arteriosclerosis, and from a control group of forty-one 
persons without any of these disorders. The blood-gas contents were determined, 
and the arteriovenous differences and coefficients of oxygen utilization were used 
to estimate the relative cerebral blood flow of the groups. 

The total cerebral blood flow of the groups with arterial hypertension and high 
intracranial pressure was normal. 

The group with cerebral arteriosclerosis had a mean cerebral blood flow of 15 
per cent below that of the control group. All the individuals in this group fell 
within normal limits, but none had a faster flow than the normal mean, due to 
mechanical limitation of the vascular bed. 

It is therefore concluded that the cerebral blood flow is not significantly altered 
by high intracranial pressure, arterial hypertension, or by cerebral arteriosclerosis 
without hypertension. 
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The mechanism whereby the cerebral blood flow is maintained at a constant 
level in spite of extreme factors tending to the contrary is discussed. 

Authors. 

Edwards, Edward A.: Chronic Organic Arterial Disease. New England J. Med. 

221: 251, 1939. 

This is a review of the pathology, diagnosis, and treatment of peripheral 
arterial occlusion caused by arteriosclerosis and thromboangiitis obliterans. The 
author points out that a patient can never expect a return of perfect function 
in the affected limb since the collateral vessels, although they may equal in the 
aggregate the caliber of the blocked artery, cannot, transmit the quantity of blood 
passing through the previously normal arteries. In the small collateral arteries 
the pulse wave is damped and the blood oozes through under a lowered pressure. 
This, however, does not diminish the importance of therapeutic attempts to in- 
crease blood flow through collateral vessels. 

Naide. 


Symposium on Heart Disease, American Roentgen Ray Society, Sept. 
20, 1938. 

1. Hodges, Fred Jenner: Determination of Heart Size. Am. J. Boentgenol. 42: 

1, 1939. 

Procedures designed to estimate cardiac size by roentgen methods are available 
but it does not follow that measurements of this sort can be made with great 
exactitude, nor is it true that exact heart size determination is essential to good 
diagnosis. It is one matter to attempt heart size measurements in selected normal 
individuals, quite another to attempt such procedures in the case of many indi- 
viduals where knowledge regarding exact heart size may be of paramount impor- 
tance to the clinician in determining the diagnosis or observing the effects of 
treatment. A great variety of situations commonly encountered by roentgen- 
ologists, contrive in one way or another to defeat attempts to provide accurate 
cardiac measurements. 

The continued search by means of experimental and clinical observation for a 
truly accurate method of heart size determination during life will, and should 
go on. For, if this goal can be achieved, new fields of usefulness can be explored. 
The ambition of cardiologists to develop some reliable method of estimating 
cardiac reserve and thereby to evaluate with accuracy the disability produced by 
various cardiac lesions is a worthy one. 

Author. 

2. Robb, George P., and Steinberg, Israel: Visualization of the Chambers of the 

Heart, the Pulmonary Circulation, and the Great Blood Vessels in Heart Disease. 

Am. J. Roentgenol. 42: 14, 1939. 

The results obtained by visualization of the chambers of the heart and the 
thoracic blood vessels in patients having rheumatic, syphilitic, hypertensive, and 
arteriosclerotic cardiovascular disease are reported and their value is discussed. 
Visualization in heart disease as in the normal gives a detailed picture of the 
cardiovascular system in which each major structure can be examined separately 
and its characteristics observed. As a result it has been possible to determine 
accurately the location and the degree of the gross pathologic changes, thereby 
providing a means of solving certain hitherto perplexing problems. 
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The prominence of the pulmonary arc in the frontal view in our patients with 
rheumatic mitral stenosis and insuflieiency was caused directly by the dilated 
pulmonary artery and not by the enlarged pulmonary conus or the left atrium; 
the left auricula formed the convexity immediately below the pulmonary arch. 
Elevation of the left bronchus was not caused by the left atrium but apparently 
by engorged pulmonary veins. In syphilitic aortitis, the intracardiac portion of 
the aorta, the most frequent site of involvement and one previously invisible, was 
outlined and the exact size, shape, and location of aneurysms of the aorta was 
determined. The degree of left ventricular hypertrophy and dilatation, the 
tortuosity and unfolding of the thoracic aorta, the “buckling” of the innominate 
artery and the identity of the vessel forming the anterior boundary of the “aortic 
triangle” were demonstrated in hypertensive heart disease. In the patient with 
arteriosclerotic cardiovascular disease, the heart was found to be normal in size, 
the apparent enlargement in the conventional roentgenogram being due to the 
deviated spine, whereas the aorta exhibited a moderate degree of dilatation, 
elongation, and unfolding with calcification and thickening of the wall. 

From these preliminary observations it seems apparent that inference regarding 
the condition of the heart which is based upon grossly indirect evidence such as 
the alteration of the cardiac silhouette and the disturbance of adjacent struc- 
tures can now be largely replaced by exact information obtained by separate 
visualization of the four chambers of the heart and the great blood vessels. As 
a consequence, the interpretation of conventional roentgenoscopy and roent- 
genography will become more accurate, enhancing the value of these widely used 
clinical methods of examination and ultimately making visualization of the 
chambers of the heart and the thoracic blood vessels necessary only in cases 
presenting unusually difficult diagnostic problems. 

Authors. 

3. Freedman, Eugene: Inflammatory Disease of the Pericardium. Am. J. Roent- 
genol. 42: 3S, 1939. 

Pericardial effusion leads to the formation of cardiac configurations which have 
been described by various authors as bag- or pear-shaped, or resembling a round 
bottle with a short neck. None of these configurations, however, are typical of 
pericardial effusion. They may be produced by decompensated hearts also. The 
best differential diagnostic sign between a decompensated heart and pericardial 
effusion is the one described by Holmes. This is based on the change of cardiac 
configuration during changes in the position of the patient. Unfortunately this 
procedure cannot be utilized in patients who are orthopncic. The kvmographic 
examination may be helpful in differentiating pericardial effusions from decom- 
pensated hearts. Berner observed vigorous pulsations of the aortic knob and 
decreased pulsations of the left ventricular region on the kymogram of a patient 
suffering from pericardial effusion. After the effusion disappeared the lcymo- 
grapliic recording of the pulsatory amplitude of the left ventricle and aortic knob 
became equal. 

The recognition of early pericardial effusion may be facilitated by finding an 
abnormally convex bulging of the posterior surface of the heart either roent- 
genoscopically or on the lateral roentgenogram (Fleiscliner). The most reliable 
method is the daily roentgen examination of the heart and the finding of con- 
siderable change in its size within short periods of time. Kienbock's inflammatory 
diverticulum of the heart represents an encapsulated pericardial effusion, most 
commonly on the right border. The remaining part of the pericardial cavity is 
usually obliterated. 
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Cardiac compression due to pericardial scar formation is usually represented 
on roentgen examinations by a normal-sized or smaller tlian normal heart. Mod- 
erate or marked enlargement of the cardiopericardial shadow is uncommon and 
may be due either to an unusually marked thickening of the pericardium or to 
an underlying valvular or myocardial disease. 

The majority of the compressed hearts are either triangular or, less commonly, 
globular. In rare instances a compressed heart may show a mitral or aortic 
configuration. The cardiac pulsations are usually diminished or absent. Occa- 
sionally, however, certain sections of the compressed heart may show vigorous 
pulsations. The aortic knob is flattened or completely obliterated in the majority 
of compressed hearts. Due to the marked thickening of the pericardium, the 
heart becomes rigid and in the majority of cases its configuration remains either 
unchanged or changes but little during the two phases of respiration. The ad- 
hesions between the heart and pericardium lead to a fixation of the heart. The 
degree of fixation is determined with the aid of expiratory and inspiratory 
posteroanterior roentgenograms taken with the patient lying on either side and 
with lateral views taken during both inspiration and expiration. The most con- 
clusive sign of cardiac compression, the calcification of pericardium, is present 
only in the minority of instances (in nine among twenty-six patients). The 
kymograpliie examination is of no differential diagnostic value in cardiac com- 
pression. It only serves as a record which enables one to compare the difference 
between the pulsatory amplitude before and after removal of the pericardial scar. 

Author. 

4. Sosman, Merrill C.: Roentgenological Aspects of Acquired Valvular Heart Dis- 
ease. Am. J. Roentgenol. 42: 47, 1938. 

Acquired valvular heart disease results in cardiac enlargement in almost every 
case and causes typical changes in the cardiac contour in the great majority. 

Enlargement of the left auricle is one of the most reliable signs of mitral 
valvular disease. 

The contour of the heart in aortic valvular disease may be duplicated by hyper- 
tensive heart disease but the differentiation can frequently be made by roent- 
genoscopy — in aortic regurgitation by the "rocking beat" and in aortic stenosis 
by demonstrating calcification in the aortic valve. 

Calcification in aortic and mitral valves is frequently demonstrable roent- 
genoscopically and adds considerably to the accuracy in both structural and 
etiological diagnosis. 

Author. 

5. Levene, George: Roentgenologic Aspects of Non- Valvular Disease of the Heart. 

Am. J. Roentgenol. 42: 60, 1939. 

Nonvalvular disease of the heart and various forms of myocardial insufficiency 
frequently produce distinctive roentgenologic appearances. Careful roent- 
genologic study is therefore well suited to the identification and appraisal of dis- 
turbed cardiac dynamics. Its importance is further increased by its ability to 
depict the relationship of the greater and lesser circulation in the individual case. 
It offers confirmatory evidence of a diagnosis established by other clinical methods 
and frequently assists in the differentiation of the causes of cardiac enlargement 
and decompensation. 


Author. 
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6. Roesler, Hugo: Roentgenology of Congenital Cardiovascular Disease. Am. J. 

Roentgenol. 42: 72, 3 0119. 

The author describes four groups of roentgenologic aspects of structural 
anomalies. 

First, cases without any roentgenologic indication of the presence of defects; 
for example, the isolated interventricular septal defect of small size. 

Second, deviations from the normal which are not characteristic for a con- 
genital anomaly; for example, a general cardiac enlargement in the presence of a 
two- or three-chambered heart. 

Third, certain conditions which reveal fairly characteristic features such as 
cocur cn sabot or the large globular heart with marked enlargement of the pul- 
monary conus. 

Fourth, structural anomalies with unequivocal roentgenologic findings. 

McCulloch. 

7. Sussman, Marcy L.: Roentgen Examination of the Aorta and Pulmonary 

Artery. Am. .T. Roentgenol. 42: 75, lt)30. 

Well-defined deviations from the normal in the size of the aorta yield evidence 
of disease. Methods of measurement do not permit of precise determination of 
minor deviations, particularly in the ascending portion. Experience in roent- 
genoscopy of the chest, particularly as it permits observation of the variations 
in the great vessels due to the position of the diaphragm, of posture, of chest 
deformity and of age, has appeared more valuable than rigid application of 
mensuration. The smaller the deviation from normal the less valuable and some- 
times more confusing is the information obtained. The roentgen examination of 
the aorta may not prove particularly valuable in the early diagnosis of luetic 
aortitis. Pulmonary artery dilatation, when not due to a congenital anomaly, is 
not characteristic of any particular disease but is rather an expression of the 
state of the pulmonary circulation. 

As regards the two great vessels, if the roentgen findings are considered alone 
and completely apart from the clinical datn, the value of the examination has 
been overestimated in the literature. In actual practice it has its definite place 
when considered as an integral part of the physical examination. 

Author. 

Kerley, Peter: Intrathoracic Aneurysms. Brit. J. Radiol. 12: 158, 1939. 

This study is based on a series of sixty-two cases of intrathoracic aneurysms 
observed in Westminster and Royal Chest Hospitals, over a period of ten years, 
in whom the diagnosis was affirmed either by autopsy or by combined clinical, 
radiologic and pathologic investigations. 

With good technique and careful consideration of the clinical and radiologic 
evidence, correct diagnosis can be achieved in 90 per cent of the cases. If 
kymography is available, the correct diagnosis can be made in 98 per cent of the 
cases. Mistakes occur in dissecting aneurysms where there is no obvious tumor, 
and in cases where the tumor is concealed by a collapsed lung. 

Author. 

Robb, George P., and Steinberg, Israel: Visualization of the Chambers of the 

Heart and the Thoracic Blood Vessels in Pulmonary Heart Disease: A Case 

Study. Ann. Int. Med. 13: 12, 1939. 

Detailed visualization of the cardiovascular system demonstrated for the first 
time during life the nature and the extent of the pathologic changes in pulmonary 
heart disease. 
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Cardiovascular mensuration may now become an exact procedure since it 
can measure fundamental anatomic structures rather than arbitrary diameters 
having no anatomical counterpart. 

The recognition of the early stages of pulmonary heart disease which hitherto 
could not be diagnosed should now be possible. 

Authors. 

Gross, Robert E., Emerson, Paul, and Green, Hyman: Surgical Exploration and 

Closure of a Patent Ductus Arteriosus. Surgery 6: 201, 1939. 

A case is reported of an 11-year-old boy who had typical physical and x-ray 
findings of a patent ductus arteriosus. As the child had been followed over a 
period of several years, there had been slight but definite hypertrophy (or dilata- 
tion) of the heart, this change being presumably caused by the large shunt be- 
tween the aorta and pulmonary artery. Prom statistical evidence, the boy pre- 
sumably was facing a rather high probability of subsequent cardiac failure of 
some degree because of the burden imposed by the ductus shunt. Furthermore, 
this congenital lesion carried with it a high risk of subacute bacterial endo- 
cardial infection. In the attempt to reduce the work of the heart imposed by the 
shunt and also to lessen the danger of subacute bacterial endarteritis, surgical 
exploration was undertaken for obliterating the ductus. The vessel was found 
to be 11 to 12 mm. in diameter and was successfully ligated. The patient stood 
the operative procedure with extremely little reaction. 

Authors. 

Laplace, Louis B.: Cardiovascular Complications of Fracture. Am. J. Surg. 44: 

161, 1939. 

Five hundred hospitalized cases of fracture were analyzed with respect to 
cardiovascular complications. The mortality for the cases having a normal 
cardiovascular system was 1 per cent; for those having associated cardiovascular 
disease, 34 per cent. The vast majority of fracture patients who died had clinical 
evidence of arteriosclerotic cardiovascular disease and had sustained a broken hip. 
Death resulted in these cases from a form of slowly progressive peripheral 
circulatory failure. The various ways in which fractures may cause damage or 
functional impairment of the cardiovascular system are discussed. 

Author. 

Allen, Frederick M.: Surgical Considerations of Temperature in Ligated Limbs. 

Am. J. Surg. 45: 459, 1939. 

The survival limit of the leg tissues of several mammalian species, deprived of 
circulation, is increased by reduction of temperature of the environment sur- 
rounding the ischemic limbs. At room temperature the survival limit of the leg 
tissues is above fifteen hours. Above room temperature gangrene and systemic 
shock occur in less than fifteen hours. Near 0° C. recovery is possible after 
ligation for fifty-four hours. 

The applications of refrigeration to surgery of ischemic legs is discussed. Of 
special interest is the suggestion that the period during which embolectomy may 
be performed successfully is much longer at ice temperature than at higher 
temperatures. 


Naide. 
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Hill, R. M.: Vascular Anomalies of the Upper Limbs Associated With Cervical 

Ribs. Brit. J. Surg. 27: 100, 1939. 

A case is described of bilateral cervical ribs accompanied by vasomotor dis- 
turbances of the hands of the acrocyanosis type in which removal of a rib and 
iibromuscular band produced relief of pain, diminution of swelling, and improve- 
ment in the color changes of the hand on the corresponding side. 

The symptoms of vasoconstriction were proved, at operation, to be caused by 
irritation of the lower trunk of the brachial plexus by the inner border of the 
cervical rib, a Iibromuscular band and the scalenus anticus muscle. 

Naide. 

Blumgart, Herman L., and Altschule, Mark D.: Should Digitalis Be Admin- 
istered to Patients With Pre-existing Partial Heart Block? Am. J. M. Sc. 198: 

45S, 1939. 

In treating patients with pre-existing partial heart block, the physician is not 
infrequently confronted with the difficult decision as to whether digitalis should be 
prescribed, because of the danger of further interference with the passage of im- 
pulses on the one hand, and clear indications for its administration on the other. 
So far as we are aware, no suitable body of evidence bearing on this question is 
available. 

Nineteen patients ranging in age from 15 to 72 years were studied. Congestive 
heart failure was present in almost all subjects. In 3, a varying 2-to-l and 1-to-l 
relationship between auricular and ventricular contractions existed. In most of the 
patients prolongation of the P-R interval was due to coronary sclerosis; in the 
others, rheumatic heart disease was present. 

A standardized preparation of digitalis was administered in doses calculated on the 
basis of body weight; in accord with general practice, somewhat less than the full 
Eggleston dosage was administered. 

The results demonstrate that digitalis in doses sufficient to induce therapeutic 
effects may be given to patients with partial heart block without causing interference 
with the orderly passage of impulses from the auricles to the ventricles. The dosages 
employed were those usually employed in treating patients with congestive failure in 
the hospital; the adequacy of the amounts used was indicated by the therapeutic 
response; it was not considered germane to this study to give amounts which would 
produce toxic manifestations, although in 6 cases nausea occurred without change 
in the P-R interval. 

The results of this study show that while digitalis and organic heart disease each 
result in interference with auriculoventricular conduction, these factors do not rein- 
force each other, and their simultaneous presence does not lead to an additive effect 
when doses in therapeutic amounts such as were used in the present study are utilized. 
The presence of partial heart block does not constitute a contraindication to the use 
of digitalis. 
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